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1 Introduction
In  th e  D re ll-Y a n  p ro cess  [1 , 2 ] qq ^  Z / y * ^  £+ £- , p a r ity  v io la tio n  in  th e  n e u tra l w eak  
co u p lin g  o f  th e  m e d ia to r  to  fe rm io n s  in d u ces  a  fo rw a rd -b a ck w a rd  a sy m m e try , A f b ,  in  th e  
d e ca y  an g le  d is tr ib u tio n  o f  th e  o u tg o in g  le p to n  (^- ) re la t iv e  to  th e  in co m in g  q u a rk  d ire c tio n  
as m e a su re d  in  th e  d ile p to n  re s t fra m e . T h is  d e ca y  an g le  d ep en d s  o n  th e  s in e  o f  th e  w eak  
m ix in g  an g le , s in 2 9w , w h ich  e n te rs  in  th e  fe rm io n ic  v e c to r  co u p lin g s  to  th e  Z  b o so n . A t 
lea d in g  o rd e r  in  e le c tro w e a k  ( E W )  th e o r y  it  is g iv en  b y  s in 2 QW  =  1 — m W /m ZZ , w h ere  
m W an d  m Z a re  th e  W  an d  Z  b o so n  m a sse s , re sp ectiv e ly . H ig h e r -o rd e r  lo o p  c o r re c t io n s  
m o d ify  th is  re la t io n  d ep en d in g  o n  th e  re n o r m a lis a tio n  sch e m e  used , an d  so e x p e r im e n ta l 
m e a s u re m e n ts  a re  o f te n  g iv en  in  te rm s  o f  th e  sin e  o f  th e  e ffe c tiv e  w eak  m ix in g  a n g le , 
s in 2 9ef f  [3 ] . H ig h -p re c is io n  c ro s s -s e c tio n  m e a su re m e n ts  se n sitiv e  to  th e  a s y m m e try , an d  
th e re fo r e  to  th e  e ffe c tiv e  w eak  m ix in g  a n g le , p ro v id e  a  te s t in g  g ro u n d  fo r  E W  th e o r y  an d  
co u ld  o ffer  so m e in s ig h t in to  p h y sics  b ey o n d  th e  S ta n d a rd  M o d e l (S M ).
P re v io u s  m e a s u re m e n ts  b y  A T L A S  an d  C M S  o f  th e  D re ll-Y a n  (D Y )  p ro cess  in c lu d e  
m e a s u re m e n ts  o f  fid u c ia l cro ss  s e c tio n s  [4- 7 ] , an d  o n e -d im e n s io n a l d iffe re n tia l c ro ss  se c tio n s  
as a  fu n c tio n  o f  ra p id ity  [8 , 9 ] , t ra n sv e rse  m o m e n tu m  [9 - 1 2 ] , an d  in v a ria n t m ass  [1 3 - 1 5 ] . 
D o u b le -d iffe re n tia l c ro s s -s e c tio n  m e a su re m e n ts  as  a  fu n c tio n  o f  in v a r ia n t m ass  an d  e ith e r  
ra p id ity  o r  tra n s v e r s e  m o m e n tu m  [16- 2 1 ] h av e a lso  b e e n  p u b lish e d , as w ell as  Z  b o so n  
p o la r is a tio n  co e ffic ie n ts  [2 2 , 2 3 ] an d  th e  fo rw a rd -b a ck w a rd  a s y m m e try  [2 4 , 2 5 ] . E x t r a c t io n  
o f  th e  e ffe c tiv e  w eak  m ix in g  an g le  in  le p to n ic  Z  b o so n  d e ca y s , s in 2 0fff,t , fro m  A FB m e a ­
su re m e n ts  h as  b e e n  p e rfo rm e d  b y  A T L A S  u sin g  5 f b - 1  o f  p ro to n -p ro to n  co llis io n  d a ta  a t  
y fs  =  7 T e V  [2 4 ] —  a  re su lt in  w h ich  th e  la rg e s t c o n tr ib u t io n  to  th e  u n c e r ta in ty  w as d ue 
to  lim ite d  kn ow led ge  o f  th e  p a r to n  d is tr ib u tio n  fu n c tio n s  ( P D F s )  o f  th e  p ro to n .














A  c o m p le te  d e s c r ip tio n  o f  th e  D re ll-Y a n  c ro ss  s e c t io n  to  a ll o rd e rs  in  q u a n tu m  ch ro ­
m o d y n a m ics  (Q C D ) d ep en d s o n  five k in e m a tic  v a r ia b le s  o f  th e  B o rn -le v e l le p to n s , n a m e ly  
m t l , th e  in v a ria n t m a ss  o f  th e  le p to n  p a ir ; y u ,  th e  ra p id ity  o f  th e  d ile p to n  s y s te m ; 9 an d  
<fi, th e  le p to n  d e ca y  a n g les  in  th e  re s t fra m e  o f th e  tw o in c id e n t q u a rk s ; an d  p T ,z , th e  
tra n s v e r s e  m o m e n tu m  o f  th e  v e c to r  b o s o n . In  th is  p a p e r , m e a su re m e n ts  o f  th e  tr ip le ­
d iffe re n tia l D re ll-Y a n  cro ss  s e c tio n , d V / d m l l d|yl l |dcos9*, a re  re p o rte d  as a  fu n c tio n  o f  
m u , lyul, an d  c o s 9 * , w h ere  th e  le p to n  d e ca y  an g le  is d efin ed  in  th e  C o llin s -S o p e r  (C S )  
re fe re n ce  fra m e  [2 6 ] . T h e s e  c ro s s -s e c tio n  m e a su re m e n ts  a re  d esig n ed  to  b e  s im u lta n e o u s ly  
se n s itiv e  to  s in 2 9 ^  an d  to  th e  P D F s ,  th e re fo re  a llo w in g  a  c o h e re n t d e te rm in a t io n  o f  b o th . 
A  s im u lta n e o u s  e x tr a c t io n  h as  th e  p o te n t ia l  to  re d u ce  th e  P D F - in d u c e d  u n c e r ta in ty  in  th e  
e x tr a c te d  v a lu e  o f  th e  e ffe c tiv e  w eak  m ix in g  an g le .
A t lea d in g  o rd e r (L O ) in  p e r tu r b a t iv e  e le c tro w e a k  an d  Q C D  th e o ry , th e  D re ll-Y a n  
tr ip le -d iffe re n tia l c ro ss  s e c t io n  c a n  b e  w r it te n  as
2
d m a d y jd c o s  9 *  =  P  [ f « ^ ^  +  (q °  J ) ]  , ( L 1 )
w h ere  s  is th e  sq u a re d  p ro to n -p ro to n  (pp) c e n tre -o f-m a s s  e n erg y ; th e  in co m in g  p a r to n  
m o m e n tu m  fra c tio n s  a re  x 1,2 =  ( m u /\ fs ) e ± Vu; an d  f q ( x 1, Q 2) a re  th e  P D F s  fo r p a r to n  
flav o u r q. H ere , Q 2 is th e  fo u r-m o m e n tu m  tr a n s fe r  sq u ared  an d  is se t to  th e  d ile p to n  
c e n tre -o f -m a s s  en ergy , m u ,  w h ich  is e q u a l to  th e  p a r to n ic  c e n tre -o f-m a s s  en ergy . T h e  q o  q 
te r m  a c c o u n ts  fo r  th e  c a s e  in  w h ich  th e  p a re n t p ro to n s  o f  th e  q an d  q a re  in te rch a n g e d . 
T h e  fu n c tio n  P q in  e q u a tio n  ( 1 .1 ) is g iv en  by
P q  =  e | e 2 (1 + c o s 2 9 * )
+ e e e q ) 2 + r 2  2 -, [v£Vq ( 1 + c o s 2 9 * ) + 2 a f a q  co s  9 *] ( 1 .2 )
y sin2 Ow cos2 Ow [(m2£- m z )2 + T z mz\ L J
_ 4
+  sin4Owcos4Ow[w “ - m Z )2+ r Z m Z ] [(a 2 +  V’2 >(a J  +  v? ) ( 1 + c o s 2 9 * ) + 8 a l vt a »vq a * 0 * ] .
In  th is  re la t io n  m z  an d  r z  a re  th e  Z  b o so n  m a ss  an d  w id th , re s p e c tiv e ly ; et  an d  e q a re  th e  
le p to n  an d  q u a rk  e le c tr ic  ch a rg e s ; an d  vt  =  — i  +  s in 2 9 w , a t  =  — i , vq =  1 13 — eq s in 2 9w , 
an d  a q =  2 13 a re  th e  v e c to r  an d  a x ia l-v e c to r  le p to n  an d  q u a rk  co u p lin g s , re s p e c t iv e ly  
w h ere  Iq3 is th e  th ird  co m p o n e n t o f  th e  w eak  iso sp in .
T h e  firs t  te r m  in  e q u a tio n  ( 1 .2 ) co rre sp o n d s  to  p u re  v ir tu a l p h o to n , 7 *, e x c h a n g e  in  
th e  s c a t te r in g  p ro ce ss , th e  seco n d  co rre sp o n d s  to  th e  in te rfe re n c e  o f  7 * an d  Z  e x ch a n g e , 
an d  th e  la s t  te r m  co rre sp o n d s  to  p u re  Z  e x ch a n g e . T h u s  th e  D Y  in v a ria n t m ass  s p e c tru m  
is c h a ra c te r iz e d  b y  a  1 / m fi fa ll-o ff  fro m  7 * e x c h a n g e  c o n tr ib u t io n , a n  m t l -d e p e n d e n t B r e i t -  
W ig n e r  p e a k in g  a t  th e  m a ss  o f  th e  Z  b o so n , an d  a  Z / 7 * in te r fe re n c e  c o n tr ib u t io n  w h ich  
ch a n g e s  s ig n  fro m  n e g a tiv e  to  p o s itiv e  as m t l  in cre a se s  a c ro ss  th e  m z  th re sh o ld .
T h e  te rm s  w h ich  a re  lin e a r  in  co s  9 * in d u ce  th e  fo rw a rd -b a ck w a rd  a sy m m e try . T h e  
la rg e s t c o n tr ib u t io n  co m es  fro m  th e  in te rfe re n c e  te r m , e x c e p t  a t  m u  =  m z  w h ere  th e  
in te r fe re n c e  te rm  is zero , an d  o n ly  th e  Z  e x c h a n g e  te r m  c o n tr ib u te s  to  th e  a sy m m e try . 
T h e  re s u ltin g  a s y m m e try  is, how ever, n u m e rica lly  sm a ll d u e to  th e  sm a ll v a lu e  o f  v i. T h e














n e t e ffe c t is a n  a s y m m e try  w h ich  is n e g a tiv e  fo r m u  <  m Z  an d  in cre a se s , b e co m in g  p o sitiv e  
fo r  m u  >  m Z . T h e  p o in t o f  zero  a s y m m e try  o c c u rs  s lig h tly  b elow  m u  =  m Z .
T h e  fo rw a rd -b a ck w a rd  a s y m m e try  v arie s  w ith  \yu\. T h e  in co m in g  q u a rk  d ire c tio n  
c a n  o n ly  b e  d e te rm in e d  p ro b a b il is t ic a lly : fo r in cre a s in g  |yee| th e  m o m e n tu m  fr a c t io n  o f  
o n e  p a r to n  re a ch e s  la rg e r  x  w h ere  th e  v a le n ce  q u a rk  P D F s  d o m in a te  b e c a u se  th e  v a le n ce  
q u a rk s  ty p ic a lly  c a r r y  m o re  m o m e n tu m  th a n  th e  a n tiq u a rk s . T h e re fo re , th e  Z / 7 * is m o re  
lik e ly  to  b e  b o o s te d  in  th e  q u a rk  d ire c tio n . C o n v erse ly , a t  sm a ll b o so n  ra p id ity , |yee| ~  0, 
i t  b e co m e s  a lm o s t im p o ss ib le  to  id e n tify  th e  d ir e c tio n  o f  th e  q u a rk  s in ce  th e  q u a rk  an d  
a n tiq u a rk  h av e n e a r ly  e q u a l m o m e n ta .
T h e  s e n s it iv ity  o f  th e  c ro ss  s e c t io n  to  th e  P D F s  a rises  p r im a rily  fro m  its  d e p e n d e n ce  on  
y u  (a n d  th e re fo re  x 1 an d  x 2) in  e q u a tio n  ( 1 .1 ) . F u r th e r  s e n s it iv ity  is g a in ed  b y  a n a ly s in g  th e  
c ro ss  s e c t io n  in  th e  m u  d im en sio n , s in ce  in  th e  Z  re so n a n ce  p e a k  th e  p a r to n s  co u p le  th ro u g h  
th e  w eak  in te r a c t io n  an d  o ff-p e a k  th e  e le c tr ic  co u p lin g s  to  th e  7 * d o m in a te . T h e re fo re , th e  
re la t iv e  c o n tr ib u t io n s  o f  u p -ty p e  an d  d o w n -ty p e  q u a rk s  v a ry  w ith  m u .  F in a lly , th e  co s  0* 
d e p e n d e n ce  o f  th e  c ro ss  s e c t io n  p ro v id es  s e n s it iv ity  to  te rm s  c o n ta in in g  a e a q  an d  vevq a e a q  in  
e q u a tio n  ( 1 .2 ) . T h r e e  d iffe ren t c o m b in a tio n s  o f  co u p lin g s  to  th e  in c id e n t q u a rk s  c o n tr ib u te  
to  th e  L O  cro ss  s e c tio n . T h e  m a g n itu d e  o f  th e  a s y m m e try  is p ro p o rt io n a l to  th e  v a le n ce  
q u a rk  P D F s  an d  o ffers  d ir e c t  s e n s it iv ity  to  th e  co rre sp o n d in g  P D F  co m p o n e n t.
T h e  fu ll fiv e -d im en sio n a l c ro ss  s e c t io n  c a n  a lso  b e  d eco m p o se d  in to  h a rm o n ic  p o ly n o ­
m ia ls  fo r  th e  le p to n  d e ca y  a n g le  s c a t te r in g  a m p litu d e s  an d  th e ir  co rre sp o n d in g  co e ffic ie n ts  
A 0-7 [2 2 ] . H ig h e r -o rd e r  Q C D  c o r re c t io n s  to  th e  L O  qq  p ro cess  in v o lv e  qg  +  qg  te rm s  
a t  n e x t -to - le a d in g  o rd e r  (N L O ), an d  gg  te rm s  a t  n e x t - to -n e x t- to - le a d in g  o rd e r  (N N L O ). 
T h e s e  h ig h e r -o rd e r  te rm s  m o d ify  th e  d e ca y  a n g le  d e p e n d e n ce  o f  th e  cro ss  s e c t io n . M e a s u r­
in g  th e  | co s  d* | d is tr ib u tio n  p ro v id es  a d d itio n a l se n s it iv ity  to  th e  g lu o n  v ersu s se a -q u a rk  
P D F s  an d  is re la te d  to  th e  m e a s u re m e n ts  o f  th e  a n g u la r  c o e ffic ie n ts  as  a  fu n c tio n  o f  th e  Z  
b o so n  tra n s v e r s e  m o m e n tu m  [2 2 , 2 3 ] .
I n i t ia l - s ta te  Q C D  ra d ia tio n  c a n  in tro d u c e  a  n o n -z e ro  tra n s v e r s e  m o m e n tu m  fo r  th e  
f in a l-s ta te  le p to n  p a ir , lea d in g  to  q u a rk  d ire c tio n s  w h ich  m ay  n o  lo n g e r b e  a lig n ed  w ith  
th e  in c id e n t p ro to n  d ire c tio n s . H e n ce , in  th is  p a p e r , th e  d e ca y  an g le  is m e a su re d  in  th e  
C S  re fe re n ce  fra m e  [2 6 ] in  w h ich  th e  d e ca y  an g le  is m e a su re d  fro m  a n  a x is  s y m m e tr ic  w ith  
re s p e c t  to  th e  tw o  in co m in g  p a r to n s . T h e  d e ca y  an g le  in  th e  C S  fra m e  (0 * )  is g iv en  by
cos 0 * =  P + P -  — P - P +c^^ s V i i  1---------------------,
mee|p z,ee| +
w h ere  p ±  =  E  ±  p Z)i an d  i =  1 co rre sp o n d s  to  th e  n e g a tiv e ly -ch a rg e d  le p to n  an d  i =  2 
to  th e  p o sitiv e ly -ch a rg e d  a n tile p to n . H ere , E  an d  p z a re  th e  e n erg y  an d  lo n g itu d in a l z - 
c o m p o n e n ts  o f  th e  le p to n ic  fo u r-m o m e n tu m , re s p e c tiv e ly ; p z,ee is th e  d ile p to n  z -c o m p o n e n t 
o f  th e  m o m e n tu m ; an d  px,ee th e  d ile p to n  tra n s v e r s e  m o m en tu m .
T h e  tr ip le -d iffe re n tia l c ro ss  s e c t io n s  a re  m e a su re d  u sin g  2 0 .2  f b - 1  o f  pp co llis io n  d a ta  
a t  ^/s =  8  T e V . T h e  m e a su re m e n ts  a re  p e rfo rm e d  in  th e  e le c tro n  an d  m u on  d e ca y  ch a n n e ls  
fo r  |yee| <  2 .4 . T h e  e le c tro n  ch a n n e l a n a ly s is  is e x te n d e d  to  h ig h  ra p id ity  in  th e  reg io n















2 0 0  G eV , 0 <  |yee| <  3 .6 , an d  —1 <  cos 0 * <  + 1 .  F o r  co n v e n ie n ce  th e  n o ta t io n
d V  =
d meed |yee|d co s  0*
is used . T h e  c ro ss  s e c tio n s  a re  c la ss ified  as e ith e r  fo rw a rd  (co s  0* >  0 ) o r  backw ard  (co s  0* <  
0 ) an d  used  to  o b ta in  a n  e x p e r im e n ta l  m e a su re m e n t o f  A FB d iffe re n tia lly  in  m ee an d  |yee|:
=  d V ( c o s  0 * >  0 ) — d V ( c o s  0 * <  0 )
FB d 3 a (c o s  0 * >  0 ) + d 3a ( c o s  0 * <  0 ) . .
2 ATLAS detector
T h e  A T L A S  d e te c to r  [2 7 ] c o n s is ts  o f  a n  in n e r  tra c k in g  d e te c to r  ( ID )  su rro u n d ed  b y  a  th in  
s u p e rc o n d u c tin g  so len o id , e le c tro m a g n e tic  an d  h a d ro n ic  c a lo r im e te r s , an d  a  m u on  sp e c ­
tr o m e te r  (M S ) . C h a rg ed  p a r t ic le s  in  th e  p se u d o ra p id ity 1 ra n g e  |n| <  2 .5  a re  re c o n s tru c te d  
w ith  th e  ID , w h ich  c o n s is ts  o f  lay ers  o f  s ilico n  p ix e l an d  m ic ro s tr ip  d e te c to r s  an d  a  stra w - 
tu b e  tra n s it io n -r a d ia t io n  tr a c k e r  h a v in g  a  co v era g e  o f  |n| <  2 .0 . T h e  ID  is im m e rsed  in 
a  2 T  m a g n e tic  field  p ro v id ed  b y  th e  so len o id . T h e  la t te r  is su rro u n d ed  b y  a  h e rm e tic  
c a lo r im e te r  t h a t  co v ers  |n| <  4 .9  an d  p ro v id es th re e -d im e n s io n a l re c o n s tr u c t io n  o f  p a r t ic le  
sh ow ers. T h e  e le c tro m a g n e tic  c a lo r im e te r  is a  liq u id -a rg o n  sa m p lin g  c a lo r im e te r , w h ich  
u ses lead  a b s o rb e rs  fo r |n| <  3 .2 . T h e  h a d ro n ic  sa m p lin g  c a lo r im e te r  u ses p la s t ic  s c in t il­
la to r  t i le s  as  th e  a c tiv e  m a te r ia l  an d  s te e l a b s o rb e rs  in  th e  re g io n  |n| <  1 .7 . In  th e  reg io n  
L 5 <  |n | <  3 .2 , liq u id  a rg o n  is u sed  as th e  a c tiv e  m a te r ia l, w ith  co p p e r  a b so rb e rs . A  
fo rw ard  c a lo r im e te r  co v ers th e  ra n g e  3 .2  <  |n| <  4 .9  w h ich  a lso  u ses liq u id  a rg o n  as th e  
a c tiv e  m a te r ia l, an d  c o p p e r  an d  tu n g s te n  a b s o rb e rs  fo r th e  E M  an d  h a d ro n ic  se c t io n s  o f  
th e  s u b d e te c to r , re sp ectiv e ly .
O u ts id e  th e  c a lo r im e te r s , a ir -c o re  to ro id s  su p p ly  th e  m a g n e tic  field  fo r  th e  M S . T h e re , 
th r e e  lay ers  o f  p re c is io n  ch a m b e rs  a llow  th e  a c c u r a te  m e a su re m e n t o f  m u o n  t r a c k  cu rv a tu re  
in  th e  re g io n  |n| <  2 .7 . T h e  m a jo r i ty  o f  th e s e  p re c is io n  ch a m b e rs  is co m p o se d  o f  d r ift  tu b e s , 
w h ile  c a th o d e -s tr ip  ch a m b e rs  p ro v id e  co v erag e  in  th e  in n e r  lay ers  o f  th e  fo rw ard  reg io n
2 .0  <  |n| <  2 .7 . T h e  m u on  tr ig g e r  in  th e  ra n g e  |n| <  2 .4  u ses re s is t iv e -p la te  ch a m b e rs  
in  th e  c e n tr a l  reg io n  an d  th in -g a p  ch a m b e rs  in  th e  fo rw ard  reg io n . A  th re e -le v e l tr ig g e r  
s y s te m  [2 8 ] s e le c ts  e v e n ts  to  b e  re co rd e d  fo r  o fflin e  a n a ly s is .
3 Simulated event samples
M o n te  C a r lo  (M C ) s im u la tio n  sa m p les  a re  used  to  m o d e l th e  e x p e c te d  s ig n a l an d  b a c k ­
g ro u n d  y ie ld s , w ith  th e  e x c e p tio n  o f  c e r ta in  d a ta -d r iv e n  b a ck g ro u n d  e s t im a te s . T h e  M C  
sa m p les  a re  n o rm a lise d  u sin g  th e  h ig h e s t-o rd e r  c ro s s -s e c tio n  p re d ic tio n s  a v a ila b le  in  p e r­
tu r b a t io n  th e o ry .
1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the 
centre of the detector and the z-axis along the beam pipe. The x-axis points from the interaction point 
to the centre of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r, f )  are used in 
the transverse plane, f  being the azimuthal angle around the beam pipe. The pseudorapidity is defined in 
terms of the polar angle 6 as n =  — lntan(6/2).














T h e  D Y  p ro ce ss  w as g e n e ra te d  a t  N L O  u sin g  P o w h e g -B o x  (re fe rre d  to  as P o w h e g  in  th e  
fo llo w in g ) [2 9 - 3 2 ] an d  th e  C T 1 0  P D F  se t [3 3 ] , w ith  P y t h ia  8  [3 4 ] to  m o d el p a r to n  sh ow erin g , 
h a d ro n is a tio n , an d  th e  u n d e rly in g  e v e n t ( U E P S ) .  T h e  Z / y * ^  £ + £ -  d iffe re n tia l cro ss  
se c t io n  as a  fu n c tio n  o f  m a ss  h a s  b e e n  c a lc u la te d  a t  N N L O  in  p e r tu r b a t iv e  Q C D  (p Q C D ) 
u sin g  F E W Z  3 .1  [3 5 - 3 7 ] w ith  th e  M S T W 2 0 0 8 N N L O  P D F  se t [3 8 ] . T h e  re n o rm a lis a tio n , 
^ r , an d  fa c to r is a t io n , ^ f , sca le s  w ere b o th  se t e q u a l to  m t l . T h e  c a lc u la t io n  in c lu d e s  N L O  
E W  c o r re c t io n s  b ey o n d  f in a l-s ta te  p h o to n  ra d ia tio n  ( F S R )  u sin g  th e  G  ^ E W  sch e m e  [3 9 ] . A  
m a ss -d e p e n d e n t K - f a c t o r  u sed  to  sca le  th e  Z / y * ^  £+£-  M C  sa m p le  is o b ta in e d  fro m  th e  
r a t io  o f  th e  c a lc u la te d  to ta l  N N L O  p Q C D  cro ss  s e c t io n  w ith  th e  a d d itio n a l E W  c o r re c t io n s , 
to  th e  to ta l  c ro ss  s e c t io n  fro m  th e  P o w h e g  sa m p le . T h is  o n e -d im e n s io n a l (a n d  th e re fo re  
p a r t ia l)  N N L O  K - f a c t o r  is fo u n d  to  v a ry  fro m  1 .0 3 5  a t  th e  low est in v a r ia n t m a ss  v alu es 
co n sid ere d  in  th is  a n a ly s is  to  1 .0 2 5  a t  th e  h ig h e s t. T h is  fa c to r  a lso  im p ro v es th e  m o d e llin g  
o f  th e  Z  b o so n  lin e sh a p e . T h e  D Y  p ro d u c tio n  o f  t  p a irs  w as m o d elled  u sin g  P o w h e g  in  
th e  sa m e  w ay as th e  s ig n a l s im u la tio n .
T h e  s c a t te r in g  a m p litu d e  c o e ffic ie n ts  d e scr ib in g  th e  d is tr ib u tio n s  o f  le p to n  d e ca y  an g les 
a re  k n ow n  to  b e  n o t a c c u r a te ly  m o d elled  in  P o w h e g  p a r t ic u la r ly  A 0 a t  low  p T ,z  [2 2 ] . 
F o r  th is  re a so n , th e  s ig n a l M C  e v e n ts  a re  rew eig h ted  as a  fu n c tio n  o f  p T ,z  an d  yt l  to  
im p ro v e  th e ir  m o d e llin g . T h e s e  w eig h ts  w ere c a lc u la te d  u sin g  th e  c ro s s -s e c tio n  c a lc u la to r  
D Y N N L O  [4 0 ] .
T h e  p h o to n -in d u c e d  p ro ce ss , y Y  ^  ££, is s im u la te d  a t  L O  u sin g  P y t h ia  8  an d  
th e  M R S T 2 0 0 4 q e d  P D F  se t [4 1 ] . T h e  e x p e c te d  y ie ld  fo r  th is  p ro cess  a lso  a c c o u n ts  fo r 
N L O  Q E D / E W  c o r re c t io n s  fro m  re fe re n ce s  [4 2 , 4 3 ] , w h ich  d e cre a se  th e  y ie ld  b y  a p p ro x i­
m a te ly  3 0 % .
T h e  p ro d u c tio n  o f  to p  q u a rk  p a irs  w ith  p ro m p t iso la te d  le p to n s  fro m  e le c tro w e a k  b o so n  
d eca y s  c o n s t i tu te s  a  d o m in a n t b a ck g ro u n d . I t  is e s t im a te d  a t  N L O  in  Q C D  u sin g  P o w h e g  
an d  th e  C T 1 0  P D F  s e t , w ith  P y t h ia  6  [4 4 ] fo r U E P S .  T h e  tt  sa m p le  is n o rm a liz e d  u sin g  
a  cro ss  s e c t io n  c a lc u la te d  a t  N N L O  in  Q C D  in c lu d in g  re s u m m a tio n  e ffe c ts  [4 5 - 5 0 ] . S m a ll 
c o m p a re d  to  th e  tt  c o n tr ib u t io n , s in g le -to p  p ro d u c tio n  in  a s s o c ia tio n  w ith  a  W  b o so n  (W t)  
is a lso  m o d elled  b y  P o w h e g  an d  th e  C T 1 0  P D F  se t , w ith  P y t h ia  6  fo r U E P S .  B o t h  th e  tt  
an d  W t  c o n tr ib u t io n s  a re  su m m ed  an d  c o lle c tiv e ly  re fe rre d  to  as th e  to p  q u a rk  b a ck g ro u n d .
F u r th e r  s m a ll b a ck g ro u n d  c o n tr ib u t io n s  a re  d u e  to  d ib o so n  ( W W , W Z  an d  Z Z )  p ro ­
d u c tio n  w ith  d eca y s  to  fin a l s ta te s  w ith  a t  le a s t  tw o le p to n s . T h e  d ib o so n  p ro ce sse s  w ere 
g e n e ra te d  a t  L O  w ith  H erw ig , u sin g  th e  C T E Q 6 L 1  P D F  se t [5 1 ] . T h e  sa m p les  a re  sca led  
to  N L O  c a lc u la tio n s  [5 2 , 5 3 ] o r  to  A T L A S  m e a s u re m e n ts  as  d e scr ib e d  in  re fe re n ce  [1 7 ] . 
A d d itio n a lly , th e  b a ck g ro u n d  a r is in g  fro m  W  b o so n  p ro d u c tio n  in  a s s o c ia tio n  w ith  je t s  
(W  + je t s )  is s tu d ied  w ith  M C  sa m p les  g e n e ra te d  w ith  P o w h e g  u n d e r id e n tic a l c o n d itio n s  
as th e  D Y  s ig n a l sa m p les .
A ll M C  sa m p les  u sed  in  th e  a n a ly s is  in c lu d e  th e  e ffe c ts  o f  Q E D  F S R ,  m u ltip le  in ­
te r a c t io n s  p e r  b u n ch  cro ss in g  ( “p ile -u p ” ), an d  d e te c to r  s im u la tio n . Q E D  F S R  w as s im ­
u la te d  u sin g  P h o to s  [5 4 ] , w h ile  th e  e ffe c ts  o f  p ile -u p  w ere a c c o u n te d  fo r  b y  o v erlay in g  
s im u la te d  m in im u m -b ia s  e v e n ts  [5 5 ] g e n e ra te d  w ith  P y t h i a 8  [3 4 ] . T h e  in te ra c t io n s  o f  p a r­
t ic le s  w ith  th e  d e te c to r  w ere  m o d elled  u sin g  a  fu ll A T L A S  d e te c to r  s im u la tio n  [5 5 ] b ased  















P ro c e s s G e n e ra to r P a r to n  show er & G e n e ra to r M o d el p a ra m e te rs
u n d erly in g  even t P D F ( “T u n e ” )
z / y * ^  - - P o w h eg  v 1 (r1 5 5 6 ) P y th ia  8 .1 6 2 C T 1 0 A U 2 [6 2 ]
Z / y * ^  TT P o w h eg  v 1 (r1 5 5 6 ) P y th ia  8 .1 6 2 C T 1 0 A U 2
YY ^  - - P y th ia  8 .1 7 0 P y th ia  8 .1 7 0 M R S T 2 0 0 4 q e d 4 C  [6 3 ]
tt P o w h eg  v 1 (r1 5 5 6 ) P y th ia  6 .4 2 7 .2 C T 1 0 A U E T 2  [6 4 ]
W t P o w h eg  v 1 (r1 5 5 6 ) P y th ia  6 .4 2 7 .2 C T 1 0 A U E T 2
D ib o so n H erw ig  6 .5 2 0 H erw ig  6 .5 2 0 C T E Q 6 L 1 A U E T 2
W  ^  - v P o w h eg  v 1 (r1 5 5 6 ) P y th ia  8 .1 6 2 C T 1 0 A U 2
T a b le  1. Overview of the M onte C arlo  sam ples used in th is analysis.
c o u n tin g  fo r  d iffe ren ce s  b e tw e e n  d a ta  an d  s im u la tio n  in  th e  le p to n  tr ig g e r , r e c o n s tr u c tio n , 
id e n tif ic a tio n , an d  iso la tio n  e ffic ie n c ies  as  w ell as  le p to n  re so lu tio n  an d  m u on  m o m e n tu m  
s c a le  [57 - 6 1 , 6 1 ] . T h e  e le c tro n  e n erg y  s c a le  c o r re c t io n s  a re  a p p lied  to  th e  d a ta .
A n  o v erv iew  o f  th e  s im u la te d  e v e n t sa m p les  is g iv en  in  ta b le  1 .
4 Event selection
E v e n ts  a re  req u ired  to  h av e  b e e n  re co rd e d  d u rin g  s ta b le  b e a m  c o n d itio n  p e rio d s  an d  m u st 
p ass  d e te c to r  an d  d a ta -q u a lity  re q u ire m e n ts . T h is  co rre sp o n d s  to  a n  in te g ra te d  lu m in o s ity  
o f  2 0 .2  f b - 1  fo r  th e  m u on  c h a n n e l. S m a ll losses in  th e  d a ta  p ro ce ss in g  c h a in  lead  to  a n  in ­
te g ra te d  lu m in o s ity  o f  2 0 .1  f b - 1  fo r  th e  e le c tro n  c h a n n e l. D u e  to  d iffe ren ce s  in  th e  d e te c to r  
re sp o n se  to  e le c tro n s  an d  m u on s th e  s e le c tio n  is o p tim ise d  s e p a ra te ly  fo r  e a ch  c h a n n e l an d  
is d e scr ib e d  in  th e  fo llow in g .
4.1 C entral rapidity electron channel
T h e  e le c tro n  d a ta  w ere  c o lle c te d  u sin g  a  d ile p to n  tr ig g e r  w h ich  u ses c a lo r im e tr ic  an d  t r a c k ­
in g  in fo rm a tio n  to  id e n tify  c o m p a c t e le c tro m a g n e tic  e n erg y  d e p o s itio n s . Id e n t if ic a t io n  a l­
g o r ith m s  use  c a lo r im e te r  sh ow er sh a p e  in fo rm a tio n  an d  th e  e n e rg y  d e p o s ite d  in  th e  v ic in ity  
o f  th e  e le c tro n  c a n d id a te s  to  find  c a n d id a te  e le c tro n  p a irs  w ith  a  m in im u m  tra n sv e rse  e n ­
e rg y  o f  1 2  G eV  fo r  b o th  th e  lea d in g  an d  su b le a d in g  e le c tro n .
E le c tr o n s  a re  r e c o n s tr u c te d  b y  c lu s te r in g  e n erg y  d e p o s its  in  th e  e le c tro m a g n e tic  
c a lo r im e te r  u sin g  a  s lid in g -w in d o w  a lg o r ith m . T h e s e  c lu s te rs  a re  th e n  m a tc h e d  to  tra c k s  
r e c o n s tr u c te d  in  th e  in n e r  d e te c to r . T h e  c a lo r im e te r  p ro v id es th e  e n erg y  m e a su re m e n t 
an d  th e  t r a c k  is used  to  d e te rm in e  th e  a n g u la r  in fo rm a tio n  o f  th e  e le c tro n  t r a je c t o r y .  A n  
e n e rg y  sca le  c o r re c t io n  d e te rm in e d  fro m  Z  ^  e + e - , W  ^  e v , an d  J / 0  ^  e + e -  d eca y s  [5 7 ] 
is ap p lied  to  d a ta . C e n tr a l  e le c tro n  c a n d id a te s  a re  re q u ired  to  h av e  |ne | <  2 .4 . F u r th e r ­
m o re , c a n d id a te s  r e c o n s tr u c te d  w ith in  th e  tr a n s it io n  reg io n  b e tw ee n  th e  b a rre l an d  e n d ca p  
c a lo r im e te r s , 1 .3 7  <  |ne | <  1 .5 2 , a re  e x c lu d e d  fro m  th e  m e a s u re m e n t. E a c h  c a n d id a te  is re ­
q u ire d  to  s a tis fy  th e  “m e d iu m ” e le c tro n  id e n tif ic a tio n  [5 8 , 5 9 ] c r i te r ia ,  b a se d  on  c a lo r im e tr ic  
sh ow er sh a p e s  an d  t r a c k  p a ra m e te rs . T o  e n su re  th e  se le c te d  e le c tro n s  a re  on  th e  e ffic ie n cy  















re q u ired  to  h av e  e x a c t ly  o n e  p a ir  o f  o p p o s ite ly -c h a rg e d  e le c tro n s  an d  th e ir  in v a r ia n t m ass 
is re q u ired  to  b e  in  th e  ra n g e  4 6  <  m ee <  2 0 0  G eV .
4.2  High rapidity electron channel
In  th is  c h a n n e l, th e  ra p id ity  ra n g e  o f  th e  m e a su re m e n t is e x te n d e d  b y  se le c tin g  o n e  c e n tra l  
e le c tro n  an d  o n e  fo rw ard  e le c tro n . F o rw a rd  e le c tro n s  a re  d efin ed  as h a v in g  p se u d o ra p id itie s  
in  th e  ra n g e  2 .5  <  |ne | <  4 .9 , r e c o n s tr u c te d  b y  th e  e n d ca p  o r  fo rw ard  c a lo r im e te r s . T h e  
d a ta  w ere c o lle c te d  u sin g  tw o s in g le -e le c tro n  tr ig g e rs  in  th e  c e n tr a l  c a lo r im e te r  reg io n  w ith  
E T  >  2 4  G eV  o r  E T  >  6 0  G eV . T h e  lo w e r-th re sh o ld  tr ig g e r  h as  a d d itio n a l c r i te r ia  fo r 
th e  show er sh a p e  an d  e n erg y  d e p o s ite d  in  th e  v ic in ity  o f  th e  e le c tro n  c a n d id a te . T h e
r e c o n s tr u c te d  c e n tra l  e le c tro n s  a re  req u ired  to  h av e  E T  >  2 5 G eV , |ne | <  2 .4 , an d  m u st
s a tis fy  th e  “t ig h t” id e n tif ic a tio n  c r i te r ia .  E le c tr o n s  in  th e  c a lo r im e te r  t r a n s it io n  reg io n s 
1 .3 7  <  |ne | <  1 .5 2  a re  re je c te d . L e p to n s  p ro d u ce d  in  th e  D re ll-Y a n  p ro ce ss  a re  e x p e c te d  
to  b e  w ell iso la te d  fro m  o th e r  p a r t ic le s  n o t a s s o c ia te d  w ith  th e  le p to n . T h is  p ro v id es a 
g o o d  d is c r im in a n t a g a in s t th e  m u lt i je t  b a ck g ro u n d  a r is in g  fro m  th e  s e m ile p to n ic  d ecay s 
o f  h e a v y  q u a rk s  o r h a d ro n s  fa k in g  e le c tro n s . T h e  t r a c k  iso la tio n  is d efin ed  as th e  s c a la r  
su m  o f  th e  tra n sv e rse  m o m e n ta , P t , o f  th e  a d d itio n a l t r a c k s  co n ta in e d  in  a  co n e  o f
size  A R  =  a / (A ^ )2 +  (A p ) 2 =  0 .2  a ro u n d  th e  e le c tro n  (o m it t in g  th e  c o n tr ib u t io n  fro m
th e  e le c tro n  t r a c k ) .  C e n tr a l  e le c tro n s  a re  re q u ired  to  h av e a  t r a c k  iso la tio n  less th a n  14%  
o f  E T .
T h e  fo rw ard  e le c tro n  is req u ired  to  s a tis fy  “t ig h t” id e n tif ic a tio n  c r i te r ia , E T  >  2 0  G eV , 
an d  2 .5  <  |pe | <  4 .9 , e x c lu d in g  th e  tr a n s it io n  re g io n  b e tw ee n  th e  e n d ca p  an d  fo rw ard  
c a lo r im e te r s , 3 .0 0  <  |pe | <  3 .3 5 . D u e  to  in su ffic ien t a c c u ra c y  in  th e  m o d e llin g  o f  th e  
m a te r ia l  in  fro n t o f  th e  e n d ca p  c a lo r im e te r , fo rw ard  e le c tro n s  in  th e  reg io n  2 .7 0  <  |pe | <  
2 .8 0  a re  a lso  re je c te d .
A  d e d ica te d  c a l ib r a t io n  p ro ce d u re  is p e rfo rm e d  fo r  th e  fo rw ard  e le c tro n s . E n e rg y  sca le  
an d  G a u ss ia n  re so lu tio n  c o r re c t io n s  a re  d eriv ed  in  b in s  o f  ne b y  co m p a rin g  th e  p e a k  p o sitio n  
an d  th e  w id th  o f  th e  m ee d is tr ib u tio n s  in  d a ta  an d  s im u la tio n . T h e  sca le  an d  re so lu tio n  
c o r re c t io n s  a re  th e  v a lu es t h a t  b r in g  th e  p e a k  reg io n s, 8 0  <  m ee <  10 0  G eV , o f  th e  d a ta  
an d  s im u la tio n  in to  th e  b e s t  a g re e m e n t.
N o iso la tio n  c r i te r ia  a re  a p p lied  to  th e  fo rw ard  e le c tro n  an d  d u e to  th e  a b se n c e  o f  
tra c k in g  in fo rm a tio n  in  th e  fo rw ard  reg io n , n o  ch a rg e  re q u ire m e n ts  a re  p la ced  o n  th e  se­
le c te d  e le c tro n  p a ir . L a s tly , e v e n ts  in  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l a re  re q u ired  to  
h av e  e x a c t ly  o n e  c e n tra l-fo rw a rd  p a ir  o f  e le c tro n s  w ith  a n  in v a r ia n t m ass  in  th e  ran g e  
6 6  <  m ee <  1 5 0  G eV . E v e n ts  w ith  m o re  th a n  o n e  p o ss ib le  c e n tra l-fo rw a rd  p a ir  a re  n o t 
used  in  th is  m e a su re m e n t ch a n n e l.
4.3  C entral rapidity muon channel
C a n d id a te  e v e n ts  in  th e  m u on  ch a n n e l w ere c o lle c te d  u sin g  tw o se ts  o f  tr ig g e rs  w ith  th e  set 
o f  tr ig g e rs  used  d ep en d in g  o n  th e  pT  o f  th e  m u o n  w ith  th e  la rg e r  tra n s v e r s e  m o m e n tu m . 
F o r  pT  >  2 5  G eV , tw o  s in g le -m u o n  tr ig g e rs  a re  used , w ith  tra n s v e r s e  m o m e n tu m  th re s h o ld s  
o f  2 4  G eV  an d  3 6  G eV . T h e  lo w -th re sh o ld  tr ig g e r  re q u ires  th e  m u o n  to  b e  iso la te d . T h is  















25  G e V , a  d im u o n  tr ig g e r  is used  w h ich  re q u ires  tw o m u on s w ith  tra n s v e r s e  m o m e n tu m  
th re s h o ld s  o f  18 G eV  fo r  o n e  m u on  an d  8  G e V  fo r  th e  o th e r .
M u o n s a re  id e n tified  b y  tr a c k s  r e c o n s tr u c te d  in  th e  m u on  s p e c tro m e te r  m a tch e d  to  
t r a c k s  r e c o n s tr u c te d  in  th e  in n e r  d e te c to r , an d  a re  re q u ired  to  h av e  pT  >  2 0  G e V  an d  
|<| <  2 .4 . A d d itio n a lly , th e y  m u st s a tis fy  id e n tif ic a tio n  c r i te r ia  b a se d  o n  th e  n u m b e r  o f  
h its  in  th e  in n e r  d e te c to r  an d  m u on  s p e c tro m e te r , an d  on  th e  c o n s is te n c y  b e tw ee n  th e  
c h a rg e  an d  m o m e n tu m  m e a su re m e n ts  in  b o th  sy s te m s  [6 0 ] . B a c k g ro u n d s  fro m  m u lt i je t  
e v e n ts  a re  e ffic ie n tly  su p p ressed  b y  im p o sin g  a n  iso la tio n  co n d itio n  re q u ir in g  th a t  th e  sum  
o f  th e  tra n s v e r s e  m o m e n tu m , ^ P t ,  o f  th e  t r a c k s  c o n ta in e d  in  a  co n e  o f  size  A R  =  0 .2  
a ro u n d  th e  m u on  (o m it t in g  th e  c o n tr ib u t io n  fro m  th e  m u on  t r a c k )  to  b e  less th a n  1 0 %  o f 
p T . A  sm a ll c o n tr ib u t io n  o f  c o s m ic  m u on s is rem ov ed  b y  re q u ir in g  th e  m a g n itu d e  o f  th e  
lo n g itu d in a l im p a c t p a ra m e te r  w ith  re s p e c t  to  th e  p r im a ry  in te r a c t io n  v e r te x  z 0 to  b e  less 
th a n  10  m m . E v e n ts  a re  s e le c te d  i f  th e y  c o n ta in  e x a c t ly  tw o  o p p o s ite ly -ch a rg e d  m u on s 
s a tis fy in g  th e  iso la tio n  an d  im p a c t p a ra m e te r  re q u ire m e n ts . F in a lly , th e  d ile p to n  in v a ria n t 
m a ss  m u st b e  in  th e  ra n g e  4 6  <  m w  <  2 0 0  G eV .
In  o rd e r  to  m in im ise  th e  in flu e n ce  o f  re s id u a l m isa lig n m e n ts  b e tw ee n  th e  ID  an d  M S , 
m u o n  k in e m a tic  v a r ia b le s  a re  m e a su re d  u sin g  th e  ID  on ly . A  sm a ll re s id u a l n^- an d  ch a rg e - 
d e p e n d e n t b ia s  in  th e  m u o n  m o m e n tu m  w as o b serv e d , m o st lik e ly  a r is in g  fro m  re s id u a l ro ­
ta t io n a l  m isa lig n m e n ts  o f  th e  in n e r  d e te c to r . S u ch  ID  m isa lig n m e n ts  b ia s  th e  m e a su re m e n t 
o f  th e  m u on  t r a c k  s a g it ta  an d  h av e an  o p p o s ite  e ffe c t o n  th e  m o m e n tu m  o f  p o sitiv e ly - an d  
n e g a tiv e ly -ch a rg e d  m u o n s. H e n ce , th e  re c o n s tr u c te d  in v a r ia n t m ass  o r ra p id ity  o f  m u on 
p a irs  a re  n o t a ffe c te d , in  c o n tr a s t  to  m e a s u re m e n ts  o f  co s  0 * w h ich  a re  ch a rg e -d e p e n d e n t. 
T h e s e  re s id u a l in n e r  d e te c to r  m isa lig n m e n ts  a re  c o rre c te d  fo r b a se d  o n  tw o m e th o d s , on e  
w h ich  u ses Z  ^  ^ + ^ -  e v e n ts , an d  a n o th e r  u sin g  Z  ^  e + e -  e v e n ts  as d e scr ib e d  in  re fe r­
e n ce  [6 5 ] . T o g e th e r  w ith  a  x 2 m in im is a tio n  te c h n iq u e , th e  d im u o n  d a ta  sa m p le  is u sed  to  
d e te rm in e  th e  c o r re c t io n s  b in n e d  finely , w h ich  a re  how ever in se n s itiv e  to  th e  n -in d e p e n d e n t 
co m p o n e n t o f  th e  t r a c k  c u rv a tu re  b ia s . T h is  b ia s  is c o r re c te d  fo r  u sin g  d ie le c tro n  d a ta  
b y  co m p a rin g  th e  r a t io  o f  th e  c a lo r im e te r  e n erg y  to  th e  t r a c k  m o m e n tu m  fo r  e le c tro n s  
an d  p o sitro n s .
4.4  M easurem ent bins
T h e  m e a su re m e n t b in s  a re  ch o se n  b y  ta k in g  in to  c o n s id e ra t io n  sev era l c o m p e tin g  d em a n d s 
o n  th e  a n a ly s is  su ch  as its  s e n s it iv ity  to  th e  u n d e rly in g  p h y sics , th e  s ta t i s t ic a l  p re c is io n  in  
e a ch  b in , an d  d e te c to r  re s o lu tio n  e ffe c ts  p a r t ic u la r ly  in  th e  m e e  d im en sio n . T h e  b in n in g  
m u st a lso  m a tc h  th o s e  u sed  in  re ce n t A T L A S  c ro ss  s e c t io n  m e a s u re m e n ts  [1 3 , 1 8 ] .
T h e  m e a su re m e n t is p e rfo rm e d  in  sev en  b in s  o f  mee fro m  4 6  G eV  to  2 0 0  G eV  w ith  ed ges 
se t a t  6 6 , 8 0 , 9 1 , 1 0 2 , 1 1 6 , an d  15 0  G eV ; 1 2  e q u id is ta n t b in s  o f  |yee| fro m  0 to  2 .4 ;  an d  
b in s  o f  co s  0 * fro m  —1 to  + 1 ,  s e p a ra te d  a t  —0 .7 , —0 .4 , 0 .0 , + 0 .4 ,  + 0 .7  g iv in g  6  b in s . In  
to ta l ,  5 0 4  m e a su re m e n t b in s  a re  u sed  fo r th e  c e n tra l  ra p id ity  e le c tro n  an d  m u on  ch a n n e l 
m e a su re m e n ts .
F o r  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l th e  m e a su re m e n t is re s tr ic te d  to  th e  5 in v a ria n t 
m a ss  b in s  in  th e  reg io n  6 6  <  m ee <  1 5 0  G e V . T h e  |yee| reg io n  m e a su re d  in  th is  c h a n n e l 















id e n tic a l to  th e  b in n in g  o f  th e  c e n tr a l  a n a ly se s . A  to ta l  o f  1 5 0  m e a su re m e n t b in s  is used  
in  th is  ch a n n e l.
5 Background estimation
T h e  b a ck g ro u n d  fro m  p ro cesse s  w ith  tw o  iso la te d  f in a l-s ta te  le p to n s  o f  th e  sa m e  flav o u r 
is e s t im a te d  u sin g  M C  s im u la tio n . T h e  p ro cesse s  w ith  n o n -n e g lig ib le  c o n tr ib u t io n s  a re  
Z / y * ^  t t , d ib o so n  ( W W , W Z  an d  Z Z ), an d  p h o to n -in d u c e d  d ile p to n  p ro d u c tio n  —  
to g e th e r  te rm e d  th e  electrow eak  b a ck g ro u n d  so u rce s . T h e  to p  q u a rk  b a ck g ro u n d  a ris in g  
fro m  tt  an d  W t  p ro d u c tio n  is a lso  e s t im a te d  u sin g  M C  s im u la tio n . T h e  sa m p les  used  fo r 
th e s e  e s t im a te s  a re  lis te d  in  ta b le  1 .
B a c k g ro u n d  c o n tr ib u t io n s  fro m  e v e n ts  w h ere  a t  le a s t  o n e  fin a l s ta te  je t  sa tis f ie s  th e  
e le c tro n  o r  m u o n  s e le c tio n  c r i te r ia , h e re a fte r  re ferred  to  as th e  fa k e  lep ton  b ack g ro u n d , 
a re  d e te rm in e d  u sin g  a  c o m b in a tio n  o f  d a ta -d r iv e n  m e th o d s  an d  M C  s im u la tio n . B y  fa r  
th e  la rg e s t c o n tr ib u t io n  to  th e  fak e  le p to n  b a ck g ro u n d  co m es  fro m  lig h t- an d  h e a v y -fla v o u r 
m u lt i je t  p ro d u c tio n , re fe rre d  to  as th e  m u ltijet  b a ck g ro u n d , w h ich  is d e te rm in e d  fro m  
d a ta . D e s c r ip tio n s  on  th e  fak e  b a ck g ro u n d  e s t im a t io n s  used  in  e a ch  o f  th e  th r e e  ch a n n e ls  
a re  g iv en  in  th e  fo llo w in g  s u b se c tio n s .
5.1 Fake lepton background estim ation in the central rapidity electron channel
T o  s e p a ra te  th e  s ig n a l fro m  th e  m u lt i je t  b a ck g ro u n d , th e  a n a ly s is  re lie s  on  th e  e le c tro n  
re la t iv e  tra n s v e r s e  e n erg y  iso la tio n  d is tr ib u tio n  ( I e) . T h is  is a  g o o d  d is c r im in a n t fo r th e  
m u lt i je t  c o n tr ib u t io n , w h ich  h as  la rg e r  v a lu es o f  I e th a n  th e  s ig n a l p ro ce ss . I t  is d efin ed  as 
th e  r a t io  o f  th e  su m m ed  c a lo r im e tr ic  tra n s v e r s e  e n erg y  c o n ta in e d  in  a  co n e  o f  size A R  =  0 .2  
a ro u n d  th e  e le c tro n  to  th e  e le c tro n  tra n sv e rse  e n erg y : I e =  ^  E t ( A R  =  0 .2 ) / E T . T h e  
s m a lle r  o f  th e  I e v a lu es o f  th e  tw o  e le c tro n  c a n d id a te s  is ch o se n  to  re p re se n t e a ch  e v e n t, 
a s  i t  w as fo u n d  to  p ro v id e  o p tim a l d is c r im in a tio n .
T h e  m u lt i je t  f r a c t io n  is th e n  e s t im a te d  fro m  d a ta  b y  f i t t in g  th is  d is tr ib u tio n  u sin g  a 
te m p la te  m e th o d . T h e  b a ck g ro u n d  te m p la te  is s e le c te d  w ith  in v e rte d  e le c tro n  id e n tif ic a tio n  
re q u ire m e n ts  an d  th e  s ig n a l, e le c tro w e a k , an d  W  + je t  te m p la te s  a re  ta k e n  fro m  s im u la tio n . 
T h e  n o n -iso la te d  sa m p le  w h ere  th e  sm a lle r  I e o f  th e  tw o  e le c tro n s  e x ce e d s  a  c e r ta in  v alu e  
is fo u n d  to  b e  d o m in a te d  b y  m u lt i je t  b a ck g ro u n d  an d  is u sed  to  a d ju s t  th e  n o rm a liz a tio n  
o f  th e  b a ck g ro u n d  te m p la te , ta k in g  in to  a c c o u n t th e  sm a ll s ig n a l c o n ta m in a tio n . S in c e  th e  
m u lt i je t  b a ck g ro u n d  is n o t e x p e c te d  to  e x h ib it  a n y  p a r ity  v io la tin g  e ffe c ts  an d  th e  cos 9* 
b a ck g ro u n d  te m p la te s  in  d a ta  w ere fo u n d  n o t to  show  a n y  a s y m m e try  a b o u t co s  9* =  0, 
th e  m e th o d  is sy m m e tr ise d  in  b in s  o f  | co s  9* |, re s u ltin g  in  a  d o u b lin g  o f  th e  sa m p le  sizes 
an d  th e re fo re  m o re  s ta b le  re s u lts .
T h e  m u lt i je t  c o n tr ib u t io n  is fo u n d  to  b e  la rg e s t a t  low  m ee an d  a lso  a t  la rg e  | co s  9*| 
fo r  |yee| ~  0 , w h ere  it  re a ch e s  1 5 %  o f  th e  e x p e c te d  n u m b e r o f  s ig n a l e v e n ts . In  th e  p o le  
reg io n , 8 0  <  m ee <  1 0 2  G eV , th e  c o n tr ib u t io n  is less th a n  0 .1 % .
T h e  c o n tr ib u t io n  o f  W  + je t  p ro d u c tio n  to  th e  fak e  le p to n  b a ck g ro u n d  is e s t im a te d  fro m  
M C  s im u la tio n . I t  is sm a ll co m p a re d  to  th e  m u lt i je t  b a ck g ro u n d  fo r a ll k in e m a tic  reg io n s, 















5.2 Fake lepton background estim ation in the high rapidity electron channel
T h e  m u lt i je t  b a ck g ro u n d  in  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l is e s t im a te d  u sin g  a  te m p la te  
m e th o d  s im ila r  to  th e  o n e  u sed  in  th e  c e n tr a l  e le c tro n  c h a n n e l w ith , how ever, so m e sm all 
a d ju s tm e n ts . T h e  iso la tio n  v a r ia b le  is used  fo r  th e  n o r m a lis a tio n  o f  th e  m u lt i je t  b a ck g ro u n d  
o n ly  fo r th e  m ass  b in s  in  th e  ra n g e  8 0  <  m ee <  102  G eV . T h e  size o f  th e  iso la tio n  co n e  
in  th is  c a s e  is in cre a se d  to  A R  =  0 .3 ,  w h ich  w as fo u n d  to  im p ro v e th e  s ta b il i ty  o f  th e  
fits . F o r  th e  o ff-p e a k  m ass  b in s , th e  tra n s v e r s e  e n erg y  o f  th e  fo rw ard  e le c tro n  is used  as 
a n  a lte r n a tiv e  d is c r im in a tin g  v a r ia b le , w h ere  th e  m u lt i je t  b a ck g ro u n d  c o n tr ib u te s  m o stly  
a t  low  E t . T h is  d e cre a se s  th e  s ta t is t ic a l  u n c e r ta in ty  o f  th e  e s t im a t io n  an d  red u ces  its  
d e p e n d e n ce  on  th e  W  + je t  b a ck g ro u n d  m o d e llin g , as  d iscu ssed  below .
T h e  m u lt i je t  b a ck g ro u n d  is th e  d o m in a n t c o n tr ib u t io n  to  th e  b a ck g ro u n d  in  th is  m e a ­
su re m e n t ch a n n e l an d  is ty p ic a lly  a b o u t  5 - 1 0 %  o f  th e  e x p e c te d  s ig n a l, b u t in cre a se s  ra p id ly  
a t  la rg e  | co s  0*|. I t  c a n  b e  as la rg e  as 3 0 - 6 0 %  in  som e b in s  a t  la rg e  |yee| w h ere  th e  |AF B | 
is la rg e  an d  th e  s ig n a l cro ss  s e c t io n  is su p p resse d , i.e . co s  0 * <  0  fo r  m ee >  m Z .
T h e  W  + je t  b a ck g ro u n d  is e s t im a te d  u sin g  M C  s im u la tio n . A s w as th e  c a s e  in  th e  
c e n tr a l  e le c tro n  a n a ly s is , it  is fo u n d  to  b e  sm a ll u n d e r th e  p e a k  o f  th e  Z  re so n a n ce . I t  is 
fo u n d  to  b e  m o re  s ig n ifica n t o ff p e a k , re a ch in g  3 0 %  o f  th e  fak e  le p to n  b a ck g ro u n d .
5.3 Fake lepton background estim ation in the central rapidity muon channel
T h e  m u lt i je t  b a ck g ro u n d  re m a in in g  a f te r  e v e n t se le c tio n  in  th e  m u on  c h a n n e l is la rg e ly  d ue 
to  h e a v y -fla v o u r b- an d  c -q u a rk  d eca y s , an d  is e s t im a te d  in  tw o  s te p s . F i r s t ,  th e  sh a p e  as a 
fu n c tio n  o f  |yw | an d  | cos0*|  is e s t im a te d  in  e a ch  m w  b in . N e x t its  o v era ll n o rm a lis a tio n  
is th e n  d e te rm in e d  in  e a ch  in v a r ia n t m a ss  reg io n .
T h r e e  o r th o g o n a l c o n tro l re g io n s w ith  in v e rte d  m u on  iso la tio n  re q u ire m e n ts  d efin ed  
b y  /^ =  ^ / p t ( A R  =  0 .2 )/pT  >  0 .1 , an d / o r in v e rte d  m u on  p a ir  ch a rg e  re q u ire m e n ts  a re  
used  to  d e te rm in e  th e  m u lt i je t  b a ck g ro u n d . In  e a ch  c o n tro l reg io n  th e  c o n ta m in a tio n  fro m  
sig n a l an d  e le c tro w e a k  b a ck g ro u n d  is s u b tr a c te d  u sin g  s im u la tio n .
A  c o m p a riso n  o f  th e  sh a p e  o f  th e  /^ d is tr ib u tio n s  fo r  m u on s in  e v e n ts  w ith  sa m e -ch a rg e  
an d  o p p o s ite -c h a rg e  m u o n  p a irs  show s a  sm a ll l in e a r  d e v ia t io n  fro m  u n ity  o f  up  to  + 1 0 %  
w h en  e x tr a p o la te d  in to  th e  iso la te d  s ig n a l reg io n  /^ <  0 .1 . T h is  is fo u n d  to  b e  in d e p e n d en t 
o f  m w , an d  is a cco u n te d  fo r in  th e  e x tr a p o la t io n . T h e  |yw | an d  | co s  0*| d e p e n d e n ce  o f  
th e  b a ck g ro u n d  in  e a ch  m w  b in  is o b ta in e d  in  th e  m u lt i je t  e n rich ed  d a ta  c o n tro l reg io n  
in  w h ich  p a irs  o f  s a m e -ch a rg e  an d  o p p o s ite -c h a rg e  m u on s s a tis fy  /^ >  0 .1 . F in a lly , th e  
re s u ltin g  |yw | an d  | co s  0 *| s p e c tr a  a re  n o rm a lise d  in  th e  s ig n a l reg io n  u sin g  th e  c o n s tr a in t  
t h a t  th e  y ie ld  r a t io  o f  o p p o s ite -c h a rg e  to  s a m e -ch a rg e  m u on  p a irs  is s im ila r  in  th e  iso la te d  
an d  n o n -iso la te d  c o n tro l reg io n s.
T h is  m e th o d  d o es  n o t a c c o u n t fo r  a  p o te n t ia l  W  + je t s  b a ck g ro u n d  c o n tr ib u t io n . T h is  
co m p o n e n t is e s t im a te d  fro m  s im u la tio n  an d  fo u n d  to  b e  n eg lig ib le .
T h e  e s t im a te d  fak e  le p to n  b a ck g ro u n d  c o n tr ib u t io n  in  th e  m u on  c h a n n e l is e v ery w h ere  
sm a lle r  th a n  its  c o n tr ib u t io n  in  th e  c e n tr a l  e le c tro n  c h a n n e l, an d  n ev er m o re  th a n  5 %  o f 
th e  e x p e c te d  s ig n a l y ie ld .














5.4  Top quark and electrow eak backgrounds
T h e s e  so u rce s  o f  b a ck g ro u n d  a rise  fro m  Q C D  an d  E W  p ro cesse s  in  w h ich  tw o  p ro m p t 
iso la te d  le p to n s  a re  p ro d u ce d . T h e ir  c o n tr ib u t io n s  a re  e s t im a te d  u sin g  M C  s im u la tio n .
B a c k g ro u n d  e v e n ts  fro m  to p  q u a rk  p ro cesse s  in c re a se  w ith  m u  an d  a re  ty p ic a lly  b elow  
2 %  o f th e  e x p e c te d  s ig n a l y ie ld s . T h e  c o n tr ib u t io n  is la rg e s t a t  th e  e x tre m e s  o f  co s  9* w h ere  
it  c a n  re a ch  1 0 - 2 0 %  o f  th e  e x p e c te d  s ig n a l in  th e  c e n tr a l  ch a n n e ls . A t h ig h  ra p id ity , th is  
b a ck g ro u n d  so u rce  is ty p ic a lly  b e lo w  5 %  e v ery w h ere .
T h e  d ib o so n  b a ck g ro u n d  in cre a se s  w ith  in v a r ia n t m ass  an d  re a ch e s  a b o u t  6 %  o f  th e  
e x p e c te d  s ig n a l y ie ld  a t  la rg e  | co s  9*| in  b o th  th e  c e n tra l  e le c tro n  an d  m u o n  ch a n n e ls . In  
th e  h ig h  ra p id ity  e le c tro n  ch a n n e l it re a ch e s  a b o u t  3 %  a t  m o d e ra te  |y^|.
T h e  b a ck g ro u n d  fro m  Z  ^  t t  is s ig n ifica n t o n ly  a t  low  m u ,  w h ere  it  c a n  re a ch  7%  in 
th e  c e n tr a l  ra p id ity  ch a n n e ls  an d  3 %  in  th e  h ig h  ra p id ity  ch a n n e l.
P h o to n -in d u c e d  p ro d u c tio n  o f  d ile p to n  p a irs  g ives a  sm a ll b a ck g ro u n d  c o n tr ib u t io n  o f  
2 %  o r  less in  a ll ch a n n e ls . H ow ever, fo r  la rg e  v a lu es o f  m u ,  th is  c o n tr ib u t io n  c a n  re a ch  
a b o u t  5 % .
6 Cross-section measurement
A s d efin ed  in  s e c t io n  4 .4 , th e  b in n in g  sch e m e  used  fo r  th e  tr ip le -d iffe re n tia l m e a su re m e n ts  
c o n s is ts  o f  5 0 4  b in s  fo r  th e  c e n tr a l  ra p id ity  e le c tro n  an d  m u o n  ch a n n e ls , an d  1 5 0  b in s  
in  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l. T h e  D re ll-Y a n  c ro ss  s e c t io n  is m e a su re d  in  th e  
c e n tr a l  ra p id ity  ch a n n e ls  w ith in  th e  fid u c ia l re g io n  d efin ed  b y  pT  >  2 0  G e V , |rj^ | <  2 .4 , 
an d  4 6  <  m u  <  2 0 0  G eV . In  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l th e  fid u c ia l reg io n  o f  th e  
m e a su re m e n t is d efin ed  b y  p T  >  25  G e V  an d  <  2 .4  fo r  th e  c e n tra l  e le c tro n , pT  >  20  G eV  
an d  2 .5  <  <  4 .9  fo r  th e  fo rw ard  e le c tro n , an d  6 6  <  m u  <  1 5 0  G eV .
T h e  c ro s s -s e c tio n  re s u lts  a re  firs t  u n fo ld ed  to  th e  “d re sse d ” -lev e l, d efin ed  a t  th e  p a r­
t ic le -le v e l u sin g  le p to n s  a fte r  F S R  re co m b in e d  w ith  ra d ia te d  p h o to n s  w ith in  a  co n e  o f  
A R  =  0 .1 . T h e  u n fo ld ed  d a ta  a re  th e n  c o r re c te d  to  th e  B o rn - le v e l, b e fo re  f in a l-s ta te  Q E D  
ra d ia tio n  a t  th e  p a rt ic le - le v e l, u sin g  a  c o r re c t io n  fa c to r  o b ta in e d  fro m  th e  P o w h e g  M C  
sa m p le . T h is  p ro ce d u re  n e g le c ts  th e  b in  m ig ra tio n s  b e tw ee n  th e  d re sse d - an d  B o rn -le v e l 
k in e m a tic s , a n  a p p ro x im a tio n  w h ich  w as v erified  to  h av e a  n e g lig ib le  im p a c t o n  th e  c e n tra l  
v a lu es an d  u n c e r ta in t ie s  o f  th e  re su lts  p re sen ted  in  th is  p a p e r.
T h e  tr ip le -d iffe re n tia l cro ss  s e c t io n  is c a lc u la te d  as
d V
d m u  d|y«| d c o s  9*
Ndata   N bkg 1
  A A m u  1 (6  1)
=  M i j k  ■ r  A ÓA A , ( 6 . 1)
l m u  L int A mu  ' 2 A |y££| ' A cos0*
w h ere  i , j , k  a re  th e  b in  in d ice s  fo r r e c o n s tr u c te d  f in a l-s ta te  k in e m a tic s ; l , m , n  a re  th e  b in  
in d ice s  fo r  th e  g e n e ra to r - le v e l k in e m a tic s ; an d  L ;nt is th e  in te g ra te d  lu m in o s ity  o f  th e  d a ta  
se t . Q u a n t ity  N data is th e  n u m b e r o f  c a n d id a te  s ig n a l e v e n ts  o b serv e d  in  a  g iv en  b in  o f  
w id th  A m££, A|y££|, an d  A cos0* , w h ile  N bkg is th e  n u m b e r  o f  b a ck g ro u n d  e v e n ts  in  th e  sam e 
b in . T h e  fa c to r  o f  tw o  in  th e  d e n o m in a to r  a c c o u n ts  fo r th e  m o d u lu s in  th e  ra p id ity  b in














w id th . In te g ra te d  s in g le - an d  d o u b le -d iffe re n tia l c ro ss  s e c tio n s  a re  m e a su re d  b y  su m m in g  
o v er th e  c o rre sp o n d in g  in d ice s  o f  e q u a tio n  ( 6 . 1 ) .
T h e  fa c to r  M  is th e  in v e rte d  re sp o n se  m a tr ix  an d  ta k e s  in to  a c c o u n t th e  e ffic ie n cy  
o f  th e  s ig n a l s e le c tio n  an d  b in  m ig ra tio n  e ffe c ts . I t  g iv es th e  p ro b a b il ity  th a t  a  se le c te d  
e v e n t r e c o n s tr u c te d  in  so m e m e a su re m e n t b in  w as o r ig in a lly  g e n e ra te d  in  a  g iv en  fid u cia l 
(g e n e ra to r -le v e l)  b in . T h e  fa c to r  M  is o b ta in e d  fro m  th e  D re ll-Y a n  s ig n a l sa m p les  a fte r  c o r ­
r e c tin g  fo r  d iffe ren ce s  in  th e  r e c o n s tr u c tio n , id e n tif ic a tio n , tr ig g e r , an d  iso la tio n  e ffic ie n cies  
b e tw e e n  d a ta  an d  s im u la tio n , as  w ell as fo r m o m e n tu m  s c a le  an d  re so lu tio n  m ism o d e llin g  
e ffe c ts . I t  a lso  a c c o u n ts  fo r e v e n ts  o r ig in a lly  o u ts id e  o f  th e  fid u c ia l se le c tio n  t h a t  m ig ra te  
in to  th e  re c o n s tr u c te d  e v e n t sa m p le . F in a lly , M  a lso  in c lu d e s  e x tr a p o la t io n s  o v er th e  re ­
g io n s th a t  a re  e x c lu d e d  fro m  th e  e le c tro n  se le c tio n  (1 .3 7  <  |ne | <  1 .5 2 , 2 .7 0  <  |ne | <  2 .8 0 , 
an d  3 .0 0  <  |ne | <  3 .3 5  ) .
T h e  q u a lity  o f  th e  s im u la tio n  an d  its  a b il ity  to  d e s c r ib e  th e  d a ta  a re  ch eck ed  in  fig ­
u res 1- 4 , co m p a rin g  d a ta  an d  p re d ic t io n  fo r  th e  yee, co s  0 * , an d  m ee d is tr ib u tio n s  in  se le c te d  
reg io n s o f  th e  m e a su re d  k in e m a tic  ra n g e , as  in d ic a te d  in  th e  fig u re  c a p tio n s . T h e  e x p e c te d  
n u m b e r  o f  e v e n ts  is c a lc u la te d  as th e  su m  o f  e x p e c te d  s ig n a l an d  b a ck g ro u n d  y ie ld s . A c ­
c e p ta b le  a g re e m e n t is fo u n d  in  a ll c h a n n e ls , g iv en  th a t  th e  s im u la tio n  is o n ly  a c c u r a te  to  
N L O  fo r th e  o b se rv a b le s  show n in  fig u res 1- 3 , an d  to  N N L O  a c c u ra c y  fo r  th e  m ee d is tr i ­
b u tio n  show n in  fig u re  4 .
T h e  b a c k g ro u n d -s u b tra c te d  d a ta  a re  u n fo ld ed  to  fid u c ia l cro ss  s e c tio n s  u sin g  th e  in ­
v e rse  o f  th e  re sp o n se  m a tr ix  o b ta in e d  u sin g  a n  i te r a t iv e  B a y e s ia n  u n fo ld in g  m e th o d  [6 6 ] 
in  w h ich  th e  p rio r  is im p ro v ed  a t  e a ch  i te r a t io n . W h e n  u sin g  su ch  m e th o d s  th e  s ta t is t ic a l  
an d  s y s te m a tic  u n c e r ta in t ie s  (d iscu ssed  in  s e c t io n  7 ) in c re a se  w ith  e a ch  u n fo ld in g  i te r a ­
t io n , w h ile  th e  re s id u a l b ia s  fro m  th e  in it ia l  p r io r  d e cre a se s . A  b a la n c e  b e tw ee n  th e s e  tw o 
c o m p e tin g  e ffe c ts  m u st b e  s tru c k  w h en  d ec id in g  on  th e  n u m b e r  o f  i te r a t io n s  to  b e  used  
to  u n fo ld  th e  m e a s u re m e n t. O n ly  sm a ll ch a n g e s  to  th e  p r io r  a re  e x p e c te d , how ever, s in ce  
th e  lin e sh a p e  o f  th e  Z  b o so n  re so n a n ce  an d  th e  P D F s  a re  k now n to  h ig h -p re c is io n . M o re ­
ov er, th e  p rio r  (P o w h e g ) is e n h a n ce d  u sin g  Q C D  an d  E W  c o r re c t io n s  an d  d e s c r ib e s  th e  
d a ta  w ith in  e x p e r im e n ta l  u n c e r ta in t ie s . A n  o p tim u m  w as fo u n d  u sin g  tw o ite r a t io n s  in 
th is  a n a ly sis .
F in a lly , m e a su re m e n t b in s  w h ich  a re  p re d ic te d  b y  s ig n a l M C  s im u la tio n  to  h av e few er 
th a n  25  s ig n a l e v e n ts  a re  e x p e c te d  to  h av e  la rg e  s ta t is t ic a l  u n c e r ta in t ie s  an d  th e re fo re  th e s e  
b in s  a re  rem ov ed  fro m  th e  a n a ly s is . A p p ro x im a te ly  50  b in s  a re  d isca rd e d  in  e a ch  o f  th e  
c e n tr a l  e le c tro n  an d  m u on  ch a n n e ls . T h e y  ty p ic a lly  lie  a t  la rg e  |yee| an d  la rg e  | co s  0*|. In  
th e  h ig h  ra p id ity  e le c tro n  c h a n n e l, 2 7  b in s  a re  rem o v ed , a ll co rre s p o n d in g  to  sm a ll | co s  0*|. 
In  a ll c a se s  th e  d isca rd e d  b in s  co rre sp o n d  to  o n es fo r  w h ich  th e  s ig n a l p re d ic t io n  a t  L O  in 
Q C D  is c o n s is te n t w ith  zero .














Figure 1 . D istributions o f d ilepton rap id ity  (left) and cos 9* (right) in the central rapid ity  electron 
channel for m ee b ins 4 6 - 6 6 G eV  (top  row), 8 0 -9 1  G eV  (m iddle), and 1 1 6 -1 5 0 G eV  (b o tto m ). T he 
d ata  (solid m arkers) and the prediction (stacked histogram ) are shown after event selection. T h e  
lower panels in each plot show the ra tio  o f d ata  to  prediction. T h e  error bars represent th e  d ata  
sta tis tica l u n certain ty  while the hatched band represents the system atic  u n certain ty  in the predic­
tion.














Figure 2 . D istributions of d ilepton rapid ity  (left) and cos 0* (right) in the high rap id ity  electron 
channel for m ee bins 6 6 - 8 0 GeV (top  row), 9 1 - 1 0 2 G eV  (m iddle), and 1 1 6 -1 5 0 G eV  (b o tto m ). T he 
d ata  (solid m arkers) and the prediction (stacked histogram ) are shown after event selection. T h e  
lower panels in each plot show the ra tio  o f d ata  to  prediction. T h e  error bars represent th e  d ata  
sta tis tica l u n certain ty  while the hatched band represents the system atic  u n certain ty  in the predic­
tion.














Figure 3 . D istributions o f dilepton rap id ity  (left) and cos 0* (right) in the central rapid ity  muon 
channel for m MM bins 4 6 - 6 6 G eV  (top  row), 8 0 -9 1  G eV  (m iddle), and 1 1 6 -1 5 0 G eV  (b o tto m ). T he 
d ata  (solid m arkers) and the prediction (stacked histogram ) are shown after event selection. T he 
lower panels in each plot show the ra tio  o f d ata  to  prediction. T h e  error bars represent th e  d ata  
sta tis tica l u n certain ty  while the hatched band represents the system atic  u n certain ty  in the predic­
tion.














Figure 4 . D istributions o f invariant m ass for all three m easurem ents: the central rap id ity  electron 
(top  row), th e  high rapid ity  electron  channel (m iddle), and the central rap id ity  m uon (b ottom ) 
channels. For th e  central m easurem ents, th e  d istributions are p lotted  for |y^ | <  1.0 (left) and 
\y(.(\ >  1.0 (right) while for th e  high rapid ity  m easurem ent, regions |yee| <  2.4 (left) and |yee| >  2.4 
(right) are shown. T h e  d ata  (solid m arkers) and the prediction (stacked h istogram ) are shown after 
event selection. T h e  lower panels in each plot show the ra tio  o f d ata  to  prediction. T h e  error 
bars represent the d ata  sta tis tica l u n certain ty  while the hatched  band represents the system atic 
un certa in ty  in the prediction.














7 M easurement uncertainties
T h e  u n c e r ta in t ie s  in  th e  m e a su re m e n ts  a re  d iscu ssed  s e p a ra te ly  s ta r t in g  w ith  th e  so u rces  
re le v a n t to  b o th  e le c tro n  ch a n n e ls , th e n  th e  so u rce s  o n ly  a p p e a rin g  in  th e  h ig h  ra p id ity  
e le c tro n  c h a n n e l. N e x t, so u rce s  o f  u n c e r ta in ty  sp e c ific  to  th e  m u o n  ch a n n e l a re  g iven  
fo llow ed  b y  th e  so u rce s  co m m o n  to  a ll th r e e  m e a su re m e n ts . U n c e r ta in t ie s  d u e  to  s ta t is t ic a l  
so u rce s  fro m  b o th  th e  d a ta  an d  M C  sa m p le s , th e  m o d e llin g  o f  th e  e n erg y  an d  m o m e n tu m  
re sp o n se  to  le p to n s , le p to n  se le c tio n  e ffic ie n c ies , b a ck g ro u n d  s u b tr a c t io n , an d  th e o r e t ic a l  
u n c e r ta in t ie s  a re  co v ered  in  th is  s e c t io n . E a c h  so u rce  is c la ss ifie d  as b e in g  c o rre la te d  o r 
u n c o rre la te d  b e tw e e n  m e a su re m e n t b in s  in  a  s in g le  c h a n n e l. T h e  so u rce s  a re  p ro p a g a te d  
u sin g  o n e  o f  th r e e  te c h n iq u e s : th e  b o o ts tr a p  m e th o d  [6 7 ] , th e  p se u d o -e x p e r im e n t m e th o d , 
o r  th e  o ffse t m e th o d .
7.1 S tatistical uncertainties
T h e  im p a c t o f  th e  s ta t is t ic a l  u n c e r ta in ty  in  th e  n u m b e r o f  e v e n ts  in  th e  d a ta  an d  M C  
s im u la tio n s  o n  th e  c ro s s -s e c tio n  m e a su re m e n t is q u a n tifie d  u sin g  th e  b o o ts tr a p  m e th o d , a  
s ta t i s t ic a l  re sa m p lin g  te c h n iq u e  in  w h ich  e a ch  e v e n t is rew eig h ted  w ith  a  ra n d o m  n u m b e r 
d raw n  fro m  a  P o is s o n  d is tr ib u tio n  w ith  a  m e a n  o f  u n ity . T h is  re w e ig h tin g  p ro ce d u re  is d on e 
1 0 0 0  tim e s  p ro d u c in g  1 0 0 0  re p lica s  o f  th e  m e a su re m e n t. A ll re p lica s  a re  th e n  u n fo ld ed  an d  
th e  u n c e r ta in ty  is ta k e n  as th e  s ta n d a rd  d e v ia t io n  o f  th e  m e a su re d  c ro ss  s e c tio n s . In  th e  
c a s e  o f  th e  s ig n a l M C  sa m p le  th e  b o o ts tr a p  re p lica s  a re  used  to  p ro d u ce  an  e n se m b le  o f  
1 0 0 0  re sp o n se  m a tr ic e s  w h ich  a re  used  to  u n fo ld  th e  m e a su re m e n t. T h e  s ta n d a rd  d e v ia tio n  
o f  th e  u n fo ld ed  cro ss  s e c t io n s  is u sed  as th e  s ig n a l M C  s ta t is t ic a l  u n ce rta in ty .
7.2 System atic uncertainties
T h e  p se u d o -e x p e rim e n t m e th o d  is used  fo r c o r re c t io n  fa c to rs  d e te rm in e d  in  b in s  o f  lep ­
to n  k in e m a tic s , ty p ic a lly  n an d  tra n s v e r s e  e n e rg y / m o m e n tu m . T h e s e  c o r re c t io n  fa c to rs  
h av e  s ta t is t ic a l  an d  s y s te m a tic  u n c e r ta in t ie s  w h ich  a re  f lu c tu a te d  ra n d o m ly  u sin g  1 0 0 0  
p se u d o -e x p e rim e n ts  a c c o rd in g  to  a  G a u s s ia n  d is tr ib u tio n  w h ose  m e a n  an d  s ta n d a rd  d e­
v ia tio n  a re  se t to  th e  v a lu e  an d  u n c e r ta in ty  o f  th e  c o r re c t io n  fa c to r , re sp e ctiv e ly . F o r  
c o r re la te d  so u rce s , a  s in g le  se t o f  v aried  c o r re c t io n  fa c to rs  is used  fo r  a ll m e a su re m e n t b in s , 
w h ere a s  fo r  u n c o rre la te d  so u rce s  th e  ra n d o m  s h ifts  a re  ap p lie d  s e p a ra te ly  fo r  e a ch  b in . 
T h e  u n c e r ta in t ie s  a re  p ro p a g a te d  v ia  th e  u n fo ld in g  p ro ce d u re  y ie ld in g  1 0 0 0  c ro ss -s e c tio n  
re s u lts  w h ich  a re  u sed  to  d e te rm in e  a  co v a r ia n ce  m a tr ix .
In  th e  o ffse t m e th o d  th e  c o r re c t io n  fa c to r  v a lu es fro m  e a ch  so u rce  a re  c o h e re n tly  sh ifte d  
u p w ard s an d  d ow nw ard s b y  o n e  s ta n d a rd  d e v ia t io n  an d  th e  m e a su re m e n t is re m a d e  u sin g  
th e  v aried  v a lu es . T h e  u n c e r ta in ty  is ta k e n  as h a lf  th e  d iffe ren ce  b e tw e e n  th e  tw o  u n fo ld ed  
m e a su re m e n ts .
7.3 C entral and high rapidity electron channels
T h e  s y s te m a tic  u n c e r ta in t ie s  in  th e  cro ss  s e c t io n  t h a t  a re  u n iq u e  to  th e  e le c tro n  ch a n n e ls  
a re  d o m in a te d  b y  th e  u n c e r ta in t ie s  in  th e  e le c tro n  e n erg y  sca le , an d  th e  e le c tro n  re c o n ­
s tr u c t io n  an d  id e n tif ic a tio n  e ffic ie n cy  u n c e r ta in t ie s . In  a d d itio n , a  la rg e  c o n tr ib u t io n  to  th e














u n c e r ta in ty  a r ise s  fro m  th e  e le c tro n  e n erg y  re so lu tio n  u n c e r ta in ty  in  th e  tw o  n e ig h b o u rin g  
m ee b in s  a t  th e  Z -p e a k , 8 0  <  m ee <  91  G e V  an d  91  <  m ee <  1 0 2  G eV .
7.3 .1  Energy scale and resolution
T h e  e le c tro n  e n e rg y  s c a le  an d  re s o lu tio n  an d  th e ir  c o rre sp o n d in g  u n c e r ta in t ie s  a re  d e te r ­
m in ed  u sin g  Z  ^  e + e - , W  ^  e v , an d  J / 0  ^  e + e -  d eca y s . T h e  u n c e r ta in ty  in  th e  e n erg y  
s c a le  is s e p a ra te d  in to  a  s ta t i s t ic a l  co m p o n e n t an d  14  u n c o rre la te d  s y s te m a tic  so u rce s. 
S o m e  o f  th e s e  so u rce s  a re  sp lit in to  fin e  ne b in s , w h ile  o th e r s  a re  co a rse ly  b in n e d  in to  
b a rre l an d  e n d ca p  reg io n s as d e s cr ib e d  in  re fe re n ce  [5 7 ] . T h e s e  so u rce s  a re  fo u n d  to  b e  
s tro n g ly  a n ti-c o rre la te d  b e tw ee n  th e  reg io n s m ee <  m Z an d  m ee >  m Z . T h e  s ta t is t ic a l  
u n c e r ta in ty  in  th e  e n e rg y  s c a le  is fo u n d  to  b e  n e g lig ib le . A d d in g  th e  e ffe c ts  o f  th e  14 
so u rce s  o f  u n c e r ta in ty  in  th e  e n erg y  s c a le  in  q u a d ra tu re  a f te r  p ro p a g a tin g  to  th e  m e asu re d  
c ro ss  se c tio n s , th e  co m b in e d  u n c e r ta in ty  is 1- 2 %  fo r th e  m ass  b in s  8 0  <  m ee <  91  G eV  an d  
91  <  m ee <  102  G e V , b u t is less th a n  1%  a t  low  an d  h ig h  m ee. H ow ever, in  th e  in te g ra te d  
m ee c ro s s -s e c tio n  m e a su re m e n t th e  e ffe c t o f  th e s e  so u rce s  is s tro n g ly  red u ced  as a  re su lt o f  
th e  a n ti-c o r r e la t io n  b e tw ee n  th e s e  tw o  m ee b in s .
T h e  u n c e r ta in ty  in  th e  e n erg y  re so lu tio n  is se p a ra te d  in to  sev en  u n c o rre la te d  s y s te m ­
a t ic  so u rce s  w h ich  a re  p ro p a g a te d  to  th e  c ro s s -s e c tio n  m e a s u re m e n ts  in d iv id u a lly . T h is  
co m b in e d  u n c e r ta in ty  is ty p ic a lly  0 .1 - 0 .5 %  e x c e p t  in  th e  in v a ria n t m ass  reg io n s n e ig h b o u r­
in g  th e  Z -p e a k  w h ere  it  re a ch e s  1% .
7 .3 .2  R econstruction  and identification efficiencies
T h e  re c o n s tr u c t io n  an d  id e n tif ic a tio n  e ffic ie n c ies  o f  e le c tro n s  a re  d e te rm in e d  fro m  d a ta  
u sin g  v ario u s ta g -a n d -p ro b e  m e th o d s  in  Z  an d  J / 0  d e ca y s , fo llo w in g  th e  p re s c r ip tio n  in  
re fe re n ce  [5 8 ] w ith  c e r ta in  im p ro v e m en ts  an d  a d ju s tm e n ts  fo r  th e  2 0 1 2  c o n d itio n s  [6 8 ] . 
T h e  u n c e r ta in t ie s  a r ise  fro m  v a r ia tio n s  in  th e  ta g -a n d -p ro b e  s e le c tio n  an d  th e  b a ck g ro u n d  
s u b tr a c t io n  m e th o d s . T h e  c o r re la te d  s y s te m a tic  u n c e r ta in ty  is ta k e n  fro m  th e  R M S  o f 
a ll v a r ia tio n s , s e p a ra te ly  fo r  th e  re c o n s tr u c t io n  an d  id e n tif ic a tio n  e ffic ie n cy  so u rce s , an d  
p ro p a g a te d  u sin g  th e  p se u d o -e x p e rim e n t m e th o d .
T h e  in flu e n ce  o f  th e  id e n tif ic a tio n  e ffic ie n cy  u n c e r ta in ty  is fo u n d  to  b e  0 .2 - 0 .4 %  in c re a s ­
in g  fo r la rg e r  | co s  9 * |, an d  up to  2 %  a t  low  m ee. T h e  re c o n s tr u c t io n  e ffic ie n cy  u n c e r ta in ty  
t r a n s la te s  in to  a  v a r ia tio n  o f  th e  m e a su re d  cro ss  s e c t io n  w h ich  is g e n e ra lly  b e lo w  0 .2 %  b u t 
as la rg e  as 0 .4 %  a t  low  m ee.
7 .3 .3  Trigger efficiency
T h e  tr ig g e r  e ffic ie n cy  is m e a su re d  in  b o th  th e  d a ta  an d  M C  s im u la tio n  u sin g  a  ta g -a n d - 
p ro b e  m e th o d  in  Z  ^  e + e -  d eca y s  an d  is co m p o se d  o f  a  s ta t is t ic a l  u n c o rre la te d  co m p o n e n t 
w h ich  is sm a ll, an d  a  c o r re la te d  p iece  w h ich  is p ro p a g a te d  u sin g  th e  p se u d o -e x p e rim e n t 
m e th o d . T h e  re s u ltin g  u n c e r ta in ty  in  th e  c ro ss  s e c t io n  a m o u n ts  to  a p p ro x im a te ly  0 .5 %  a t 
low  m ee b u t d e cre a se s  to  a p p ro x im a te ly  0 .1 %  fo r  m ee >  1 1 6  G eV .














7 .3 .4  Charge misidentification
T h e  e le c tro n  ch a rg e  is d e te rm in e d  fro m  th e  s ig n  o f  th e  c u rv a tu re  o f  th e  a s s o c ia te d  ID  tra c k . 
B r e m s s tr a h lu n g  ra d ia tio n  an d  su b se q u e n t co n v e rs io n  o f  th e  ra d ia te d  p h o to n s  c a n  lead  to  
m is id e n tif ic a tio n  o f  th e  ch a rg e . T h is  is m e a su re d  in  Z  b o so n  d eca y s  in  w h ich  on e  le p to n  
h a s  a n  in c o rre c t ly  r e c o n s tr u c te d  ch a rg e . S u c h  e v e n ts  a re  se le c te d  b y  re q u ir in g  th e  e le c tro n  
p a ir  to  p o sse ss  th e  sa m e  e le c tr ic  ch a rg e  an d  an  in v a ria n t m a ss  to  b e  n e a r  m Z , c o n s is te n t 
w ith  a  Z  b o so n  d ecay . T h e  re s u lt in g  c o r re la te d  u n c e r ta in ty  is p ro p a g a te d  w ith  th e  o ffse t 
m e th o d  an d  fo u n d  to  b e  less th a n  0 .2 %  e v ery w h ere .
7 .3 .5  M ultijet background
U n c e r ta in t ie s  in  th e  m u lt i je t  e s t im a t io n  a rise  fro m  th e  sa m p le  size used  in  th e  m e th o d , th e  
s u b tr a c te d  s ig n a l an d  E W  c o n ta m in a tio n , th e  sh a p e  o f  th e  m u lt i je t  d is tr ib u tio n , an d  th e  
ra n g e  o f  th e  iso la tio n  d is tr ib u tio n  u sed . T h e  s u b tr a c te d  to p  q u a rk  an d  d ib o so n  c o n ta m in a ­
t io n  is varied  c o h e re n tly  w ith in  th e  th e o r e t ic a l  c ro s s -s e c tio n  u n c e r ta in t ie s . T h e  s u b tr a c te d  
s ig n a l c o n ta m in a tio n  is v aried  b y  ± 5 % .  T h e  sh a p e  o f  th e  m u lt i je t  d is tr ib u tio n  is v aried  by  
re la x in g  th e  sa m e -s ig n  ch a rg e  re q u ire m e n t in  th e  c a s e  o f  th e  c e n tr a l  e le c tro n  c h a n n e l, an d  
u sin g  th e  tra n s v e r s e  e n erg y  E T  o f th e  fo rw ard  e le c tro n  as a n  a lte r n a tiv e  d is c r im in a n t in  
th e  h ig h  ra p id ity  e le c tro n  c h a n n e l. T h e  ra n g e  o f  th e  iso la tio n  d is tr ib u tio n  used  is varied  
b y  ± 1 5 % .
T h e  v a r ia tio n s  m ad e  to  a c c o u n t fo r s y s te m a tic  u n c e r ta in t ie s  in  th e  m e th o d  lead  to  
ch a n g e s  in  th e  e s t im a te d  m u lt i je t  y ie ld  in  th e  c e n tra l  e le c tro n  ch a n n e l. T h e  v a r ia tio n s  in  
th e  m u lt i je t  y ie ld s  ra n g e  fro m  a b o u t  10 %  a t  low  m ee an d  co s  9 * ~  0 , to  m o re  th a n  1 0 0 %  
in  reg io n s w h ere  th e  n o m in a l m u lt i je t  y ie ld  is sm a ll, e .g . a t  la rg e  | co s  9 *  | an d  h ig h  m ee.
T h e  u n c o rre la te d  s ta t is t ic a l  co m p o n e n t is p ro p a g a te d  to  th e  m e a su re d  cro ss  s e c tio n s  
w ith  th e  b o o ts tr a p  re p lic a  m e th o d . T h e  re m a in in g  tw o c o r re la te d  c o m p o n e n ts  a re  p ro p a ­
g a te d  w ith  th e  o ffse t m e th o d , w h ich  w h en  su m m ed  in  q u a d ra tu re  a m o u n t to  a  m e a su re m e n t 
u n c e r ta in ty  o f  less th a n  0 .1 %  o f  th e  c ro ss  s e c t io n , e x c e p t a t  low  m ee an d  la rg e  | co s  9 * | w h ere  
it  grow s to  a lm o s t 1 %  in  th e  c e n tra l  e le c tro n  ch a n n e l.
In  th e  h ig h  ra p id ity  ch a n n e l th e  m u lt i je t  y ie ld s  ra n g e  fro m  15 %  to  m o re  th a n  1 0 0 %  
d u e to  s y s te m a tic  u n c e r ta in t ie s  in  th e  m e th o d . A t sm a ll co s  9* an d  h ig h  in v a ria n t m asses  
w h ere  th e  s ig n a l c o n tr ib u t io n  is su p p ressed , th e  e x p e c te d  m u lt i je t  b a ck g ro u n d  c a n  b e  v ery  
la rg e , as  n o te d  in  s e c t io n  5 .2 . H ere , th e  s y s te m a tic  u n c e r ta in ty  in  th e  m u lt i je t  b a ck g ro u n d  
is 2 0 - 7 0 %  d ep en d in g  o n  |yee|, re s u ltin g  in  a  m e a su re m e n t u n c e r ta in ty  o f  3 0 %  o r  g re a te r  
w h en  p ro p a g a te d  to  th e  tr ip le -d iffe re n tia l c ro ss  s e c tio n .
7.4  High rapidity electron channel
T h e  h ig h  ra p id ity  e le c tro n  a n a ly s is  d iffers  fro m  th e  c e n tra l  e le c tro n  ch a n n e l m e a su re m e n t 
b y  re q u ir in g  o n e  e le c tro n  to  b e  in  th e  fo rw ard  reg io n  2 .5  <  |ne | <  4 .9  w h ere  th e r e  is no 
tra c k in g  s y s te m , w h ich  lead s to  la rg e r  b a ck g ro u n d  c o n ta m in a tio n . T h is  is co m p e n sa te d  fo r 
b y  th e  a d d itio n  o f  a n  iso la tio n  re q u ire m e n t on  th e  c e n tra l  e le c tro n , an d  m o re  r e s tr ic t iv e  
id e n tif ic a tio n  re q u ire m e n ts  (see  s e c t io n  4 .2 ) o n  th e  c e n tr a l  an d  fo rw ard  e le c tro n s . T h e  
te c h n iq u e  used  to  c a l ib r a te  th e  fo rw ard  c a lo r im e te r s  is a lso  d iffe re n t, an d  th e  im p a c t o f














p o te n t ia l  ch a rg e  m is id e n tif ic a tio n  is d iffe re n t. S in c e  th e  ch a rg e  c a n  b e  m e asu re d  o n ly  fo r 
th e  c e n tra l  e le c tro n , th e  im p a c t o f  m is id e n tif ic a tio n  is to  sw ap th e  s ig n  o f  co s  9 * . E a c h  
o f  th e s e  lead s to  a d d itio n a l so u rce s  o f  s y s te m a tic  u n c e r ta in ty  w h ich  a re  d iscu ssed  in  th e  
fo llow in g .
T h e  e n erg y  sca le  an d  re so lu tio n  c o r re c t io n s  fo r fo rw ard  e le c tro n s  lead  to  co rre la te d  
so u rce s  o f  u n c e r ta in ty  p ro p a g a te d  u sin g  th e  o ffse t m e th o d . T h e y  a rise  fro m  ch a n g e s  in  th e  
e v e n t se le c tio n  u sed  to  p e rfo rm  th e  c a l ib r a t io n  as w ell as  v a r ia tio n s  o f  th e  m eth o d o lo g y . 
T h e  in flu e n ce  o f  th e  sc a le  u n c e r ta in ty  on  th e  m e a su re m e n t is a b o u t  1%  b u t c a n  re a ch  5%  
a t  h ig h  | c o s 9 * |. T h e  re so lu tio n  u n c e r ta in ty  a m o u n ts  to  0 .1 - 0 .3 %  in c re a s in g  to  3 - 5 %  a t 
la rg e  | co s  9*| an d  o ff-p e a k  m a ss  b in s .
T h e  u n c e r ta in ty  in  th e  c ro s s -s e c tio n  m e a su re m e n t d u e to  th e  id e n tif ic a tio n  e ffic ie n cy  
o f  fo rw ard  e le c tro n s  is co n sid ere d  to  b e  c o r re la te d  a cro ss  th e  m e a su re m e n t b in s  an d  is 
e s t im a te d  u sin g  th e  p se u d o -e x p e rim e n t m e th o d . I t  a m o u n ts  to  a b o u t  1%  u n c e r ta in ty  in 
th e  c ro ss  s e c tio n .
T h e  e ffic ie n cy  o f  th e  iso la tio n  se le c tio n  fo r  c e n tr a l  e le c tro n s  is d eriv ed  u sin g  a  ta g -a n d - 
p ro b e  m e th o d  in  c e n tr a l  Z  ^  e + e -  d eca y s  an d  is w ell d e scr ib e d  b y  th e  s im u la tio n . T h e  
re s u ltin g  u n c e r ta in ty  in  th e  c ro ss  s e c t io n  is n e g lig ib le .
T o  v e rify  th a t  th e  m o d e llin g  o f  th e  W  + je t  b a ck g ro u n d  d o es n o t a ffe c t th e  e s t im a t io n  
o f  th e  to ta l  fa k e  le p to n  b a ck g ro u n d  in  th e  h ig h  ra p id ity  ch a n n e l, its  n o r m a lis a tio n  is varied  
b y  6 0 %  (a s  m o tiv a te d  b y  re fe re n ce  [1 8 ]) an d  th e  f it  o f  th e  m u lt i je t  b a ck g ro u n d  is re p e a te d . 
S in c e  th e  sh a p e  o f  th e  E T d is tr ib u tio n  is s im ila r  fo r  th e  W  + je t  an d  m u lt i je t  b a ck g ro u n d s , 
th e  to ta l  fak e  le p to n  b a ck g ro u n d  re m a in s  a lm o s t in v a r ia n t fo r  th e  o ff-p e a k  reg io n s w h ile  fo r 
th e  p e a k  m ass  b in s  th e  v a r ia tio n  is sm a ll c o m p a re d  to  th e  m u lt i je t  b a ck g ro u n d  u n ce rta in ty .
7.5 C entral rapidity muon channel
U n c e r ta in t ie s  re la te d  to  th e  m u on  m o m e n tu m  sca le  an d  re so lu tio n , an d  th e  e ffic ie n c ies  o f  
th e  m u o n  tr ig g e r , r e c o n s tr u c tio n , an d  iso la tio n  an d  im p a c t p a ra m e te r  s e le c tio n s  a re  a ll 
s tu d ied  u sin g  Z  ^  ^ + ^ -  e v e n ts , an d  in  som e ca se s  J / 0  ^  ^ + ^ -  e v e n ts  a re  a lso  used . 
T h e  e ffic ie n c ies  a re  d e te rm in e d  u sin g  a  ta g -a n d -p ro b e  m e th o d . T h e  la rg e s t c o n tr ib u t io n s  
to  th e  s y s te m a tic  u n c e r ta in ty  in  th e  m e a su re m e n ts  ty p ic a lly  a rise  fro m  th e  r e c o n s tr u c tio n  
e ffic ie n cy  an d  iso la tio n  e ffic ie n cy  m o d e llin g , an d  fro m  th e  m u o n  m o m e n tu m  s c a le  c a l ib r a ­
tio n .
7.5 .1  M om entum  scale and resolution
C o rre c tio n s  to  th e  m u on  m o m e n tu m  s c a le  an d  re so lu tio n  a re  o b ta in e d  fro m  fits  to  th e  
Z  ^  ^ + ^ -  an d  J / 0  ^  ^ + ^ -  lin e sh a p e s  w ith  sca le  an d  re s o lu tio n  p a ra m e te rs  d eriv ed  
in  lo ca l d e te c to r  reg io n s [6 0 ] . T h e s e  so u rce s  a re  s e p a ra te d  in to  12 c o r re la te d  co m p o n e n ts  
fo r  th e  re so lu tio n  in  fin e  n^ b in s  an d  o n e  c o r re la te d  co m p o n e n t fo r  th e  m o m e n tu m  sca le . 
U n c e r ta in t ie s  in  th e  m o m e n tu m  s c a le  a r is in g  fro m  th e  m e th o d o lo g y , an d  u n c e r ta in t ie s  in 
th e  ID  m a te r ia l  s im u la tio n , m u o n  a n g le  r e c o n s tr u c tio n , an d  a lig n m e n t a re  p ro p a g a te d  
u sin g  th e  o ffse t m e th o d . T h e y  re su lt  in  a  s y s te m a tic  u n c e r ta in ty  c o r re la te d  in  n^ b in s  o f  
th e  m e a su re d  cro ss  se c t io n s  o f  ty p ic a lly  0 .3 % , in cre a s in g  fo r la rg e r  |yw |, | co s9*| , an d














to  2 % . T h e  c o r re la te d  re so lu tio n  u n c e r ta in ty  h a s  a  sm a ll in flu e n ce  on  th e  m e a su re m e n t 
an d  is a lso  p ro p a g a te d  w ith  th e  o ffse t m e th o d .
T h e  in flu e n ce  o f  re s id u a l m isa lig n m e n ts  is e s t im a te d  fro m  tw o so u rce s . T h e  firs t  a r ises  
fro m  th e  s ta t i s t ic a l  u n c e r ta in ty  o f  th e  a lig n m e n t c o r re c t io n s  d eriv ed  u sin g  Z  ^  p + p -  d a ta  
an d  is co n sid ere d  u n c o rre la te d . T h is  co m p o n e n t is p ro p a g a te d  to  th e  cro ss  s e c t io n  u sin g  
th e  p se u d o -e x p e rim e n t m e th o d , an d  is s e p a ra te d  in to  8 4  u n c o rre la te d  c o m p o n e n ts . T h e  
seco n d  so u rce  a c c o u n ts  fo r  b ia se s  in  th e  c o r re c t io n  m e th o d , an d  is d efin ed  as th e  d iffe ren ce  
b e tw e e n  th e  c o r re c t io n s  d eriv ed  fo r d a ta  an d  s im u la tio n  in  b in s  o f  n^. T h is  u n c e r ta in ty  is 
s e p a ra te d  in to  4 0  c o rre la te d  co m p o n e n ts . A fte r  p ro p a g a tin g  th is  c o rre la te d  so u rce  to  th e  
c ro ss  s e c t io n  u sin g  th e  p se u d o -e x p e rim e n t m e th o d , th e  re s u ltin g  u n c e r ta in ty  is fo u n d  to  b e  
a b o u t  0 .2 % , in cre a s in g  s ig n if ic a n tly  w ith  | cos9*|  a t  la rg e  |yw |.
7 .5 .2  R econstruction  efficiency
T h e  u n c e r ta in ty  d u e  to  th e  m u on  re c o n s tr u c t io n  e ffic ie n cy  is p a ra m e te r is e d  as a  fu n c tio n  o f 
an d  pT  [6 0 ] an d  is d eco m p o se d  in to  c o r re la te d  an d  u n c o rre la te d  p a r ts . T h e  u n c e r ta in ty  
is p ro p a g a te d  to  th e  cro ss  s e c t io n  u sin g  th e  o ffse t an d  p se u d o -e x p e rim e n t m e th o d s  fo r  th e  
c o r re la te d  an d  u n c o rre la te d  c o m p o n e n ts , re sp e ctiv e ly . T h e  c o r re la te d  co m p o n e n t h as  an  
u n c e r ta in ty  o f  0 . 1 % , w h ich  co rre sp o n d s  to  a n  u n c e r ta in ty  in  th e  m e a su re d  c ro ss  s e c t io n  o f  
0 .2 - 0 .4 % .
7 .5 .3  Trigger efficiency
T h e  e ffic ie n cy  c o r re c t io n s  fo r  s in g le -m u o n  an d  d im u o n  tr ig g e rs  a re  o b ta in e d  u sin g  th e  ta g -  
a n d -p ro b e  m e th o d  as d e s cr ib e d  in  re fe re n ce  [6 1 ] . T h e y  a re  p a ra m e te r is e d  in  te rm s  o f  m u on  
p se u d o ra p id ity  n^, a z im u th a l a n g le  <ft^ , an d  e le c tr ic  ch a rg e . T h e  c o rre la te d  u n c e r ta in ty  
c o m p o n e n ts  a r ise  fro m  th e  b a ck g ro u n d  c o n ta m in a tio n , a  p o ss ib le  re s id u a l d e p e n d e n ce  on  
m u o n  pT , an d  a n  u n c e r ta in ty  b a se d  on  th e  e v e n t to p o lo g y , w h ich  a re  p ro p a g a te d  u sin g  
th e  o ffse t m e th o d . T h e  u n c o rre la te d  s ta t i s t ic a l  u n c e r ta in ty  is p ro p a g a te d  to  th e  cro ss  
se c t io n  u sin g  th e  p se u d o -e x p e rim e n t m e th o d . E v e n ts  se le c te d  w ith  th e  s in g le -m u o n  tr ig g e rs  
(pT  >  2 5  G e V ) co v er m o st o f  th e  k in e m a tic  ra n g e  o f  th e  m e a s u re m e n t, w h ere a s  th e  d im u o n  
tr ig g e rs  su p p le m e n t th e  s e le c tio n  a t  low  an d  h av e  so m e w h a t la rg e r  u n c e r ta in t ie s . T h is  
t r a n s la te s  in to  a  c o r re la te d  u n c e r ta in ty  in  th e  m e asu re d  c ro ss  s e c t io n  w h ich  is ty p ic a lly  0 .1 %  
w h ere  th e  s in g le -m u o n  tr ig g e rs  a re  used , an d  c a n  re a ch  0 .6 %  a t  la rg e  | cos 9*| in  th e  low est 
b in .
7 .5 .4  Isolation and im pact param eter efficiency
M u o n  iso la tio n  an d  im p a c t p a ra m e te r  se le c tio n  e ffic ie n c ies  g ive  rise  to  a d d itio n a l s y s te m a tic  
u n c e r ta in t ie s  an d  a re  e s t im a te d  to g e th e r . T h e  so u rce s  co n sid ere d  in c lu d e  th e  re m a in in g  
b a ck g ro u n d  c o n ta m in a tio n , th e  re s id u a l v a r ia tio n  in  n^, an d  a  p o ss ib le  b ia s  fro m  th e  ev en t 
to p o lo g y  e s t im a te d  b y  v a ry in g  th e  a z im u th a l o p e n in g  an g le  b e tw ee n  th e  tw o  m u on s used  
in  th e  ta g -a n d -p ro b e  m e th o d . T h e  re s u ltin g  c o rre la te d  c ro s s -s e c tio n  u n c e r ta in ty  d e te r ­
m in ed  w ith  th e  p se u d o -e x p e rim e n t m e th o d  is fo u n d  to  b e  ty p ic a lly  0 .2 % , ris in g  to  0 .5 %  a t 
h ig h  m w .














7 .5 .5  M ultijet background
T h e  u n c e r ta in ty  in  th e  m u lt i je t  b a ck g ro u n d  e s t im a te  co m es  fro m  sev era l so u rce s . T h e  
u n c o rre la te d  s ta t is t ic a l  u n c e r ta in ty  o f  th e  c o n tro l reg io n s is p ro p a g a te d  u sin g  th e  b o o ts tr a p  
re p lic a  m e th o d  an d  c a n  b e  s ig n ifica n t, in  p a r t ic u la r  fro m  th e  iso la te d  s a m e -ch a rg e  co n tro l 
sa m p le . T h e  s u b tr a c te d  to p  q u a rk  an d  d ib o so n  c o n ta m in a tio n  in  th e  c o n tro l reg io n s is 
v aried  c o h e re n tly  w ith in  th e  th e o r e t ic a l  c ro s s -s e c tio n  u n c e r ta in t ie s  g iv en  in  s e c t io n  3 . T h e  
s u b tr a c te d  s ig n a l c o n ta m in a tio n  is varied  b y  ± 5 % .  T h e  c o r re la te d  u n c e r ta in ty  in  th e  sh a p e  
o f  th e  |yw | an d  | co s  9*| s p e c tr a  is d e te rm in e d  fro m  th e  R M S  o f  th e s e  d is tr ib u tio n s  in  five 
reg io n s o f  in cre a s in g  n o n -is o la tio n  o f  th e  m u o n  p a irs  o b ta in e d  fro m  th e  c o n tro l reg io n s. 
T h e  fin a l c o n tr ib u t io n  co m es  fro m  th e  fit  e x tr a p o la t io n  o f  th e  b a ck g ro u n d  e s t im a te  in to  
th e  s ig n a l reg io n  an d  is a ssessed  b y  v a ry in g  th e  ra n g e  o f  th e  f it . S y s te m a t ic  co m p o n e n ts  
lead  to  ch a n g e s  in  th e  m u lt i je t  y ie ld s  o f  1 5%  to  3 0 %  o f  th e  e x p e c te d  s ig n a l c o n tr ib u t io n . 
T h is  is la rg e s t in  th e  reg io n s o f  la rg e  | co s  9*|. T h e  v a r ia tio n s  c a n  b e  up  to  6 0 %  fo r  la rg e  
| co s  9*| an d  la rg e
B o t h  th e  sh a p e  an d  e x tr a p o la t io n  u n c e r ta in t ie s  a re  p ro p a g a te d  to  th e  c ro ss  s e c tio n  
u sin g  th e  o ffset m e th o d  an d  d o m in a te  th e  to ta l  u n c e rta in ty . T h e  co m b in e d  u n c e r ta in ty  in  
th e  b a ck g ro u n d  e s t im a te  w h en  p ro p a g a te d  to  th e  c ro s s -s e c tio n  m e a su re m e n t is b elo w  0 .1 %  
in  a ll m e a su re m e n t b in s  e x c e p t in  th e  low est m w  b in  w h ere  it  re a ch e s  1%  a t  la rg e  | co s  9*| 
an d  sm a ll |y^|.
7.6  System atic uncertainties com m on to  all channels
T h e  s y s te m a tic  u n c e r ta in t ie s  co m m o n  to  a ll th r e e  ch a n n e ls  a re  d eriv ed  u sin g  id e n tica l 
m e th o d s . W ith  th e  e x c e p tio n  o f  th e  s ta t is t ic a l  u n c e r ta in t ie s  a r is in g  fro m  th e  M C  sam p les  
u sed , w h ich  a re  u n c o rre la te d  b e tw ee n  th e  m e a su re m e n t ch a n n e ls , co m m o n  s y s te m a tic  u n ­
c e r ta in t ie s  a re  a ssu m ed  to  b e  fu lly  c o r re la te d  b e tw ee n  th e  c h a n n e ls . T h e  d o m in a n t co m m o n  
u n c e r ta in ty  is th e  u n c e r ta in ty  in  th e  lu m in o s ity  m e a su re m e n t.
7.6 .1  Top, diboson, W  + je t , Z / 7 * ^  t t , and photon-induced background  
norm alisation
T h e  n o r m a lis a tio n  u n c e r ta in t ie s  co n sid ere d  fo r th e s e  b a ck g ro u n d  so u rce s  a rise  fro m  v a r i­
a tio n s  in  th e  P D F s ,  a S , an d  th e  Q C D  sca le s  used  in  th e  th e o r e t ic a l  p re d ic tio n s . T h e  
n o r m a lis a tio n  u n c e r ta in ty  in  th e  to p  q u a rk  b a ck g ro u n d , w h ich  is d o m in a te d  b y  tt  p ro d u c­
tio n , is ta k e n  to  b e  6 %  fo llo w in g  th e  P D F 4 L H C  p re s c r ip tio n  [6 9 ] . T h e  u n c e r ta in ty  in c lu d e s 
sc a le  an d  v a r ia tio n s  an d  a lso  ta k e s  in to  a c c o u n t th e  u n c e r ta in ty  in  th e  to p -q u a rk  m ass . 
D ib o s o n  ( W W , W Z  an d  Z Z ) p ro d u c tio n  is a n o th e r  im p o r ta n t  b a ck g ro u n d  so u rce  fo r  w h ich  
th e  n o r m a lis a tio n  u n c e r ta in t ie s  a re  a b o u t  1 0 % . S ee  re fe re n ce  [17 ] fo r a d d itio n a l in fo rm a tio n  
o n  th e  n o r m a lis a tio n  u n c e r ta in t ie s  o f  th e  v ario u s M o n te  C a r lo  sa m p les  used .
T h e  b a ck g ro u n d  c o n tr ib u t io n s  fro m  W  + je t  p ro cesse s  a re  assig n ed  a  n o rm a lis a tio n  
u n c e r ta in ty  o f  5 %  fo r  th e  c e n tra l  ra p id ity  m e a su re m e n ts . F o r  th e  h ig h  ra p id ity  e le c tro n  
ch a n n e l, w h ere  W  + je t  is a  d o m in a n t b a ck g ro u n d , a  v a r ia tio n  o f  6 0 %  is co n sid ere d  (see  
se c t io n  7 .4 ) .
T h e  b a ck g ro u n d  c o n tr ib u t io n  fro m  Z / y * ^  t t  d eca y s  is a ss ig n e d  a  n o rm a lis a tio n  
u n c e r ta in ty  o f  5 % . T h e  p h o to n -in d u c e d  b a ck g ro u n d  is a ss ig n ed  a n  u n c e r ta in ty  o f  4 0 % ,














d eriv ed  b y  c a lc u la t in g  th e  p h o to n -in d u c e d  c o n tr ib u t io n  in  a  c o n s t i tu e n t  an d  a  c u rre n t 
m a ss  sch e m e  fo r th e  q u a rk  [4 1 ] , an d  ta k in g  th e  m a g n itu d e  o f  th e  d iffe ren ce  b e tw ee n  e ith e r  
sch e m e  an d  th e ir  a v erag e  [1 3 ] . In  a ll ca se s  th e  n o r m a lis a tio n  u n c e r ta in t ie s  a re  p ro p a g a te d  
to  th e  fin a l c ro ss  s e c tio n s  u sin g  th e  o ffse t m e th o d .
7 .6 .2  Unfolding bias
T h e  s im u la tio n  u sed  as an  in it ia l  p rio r  in  th e  u n fo ld in g  p ro cess  co u ld  lead  to  a  p o te n t ia l  b ias  
in  th e  m e a su re d  c ro ss  s e c t io n s . T h is  p o te n t ia l  b ia s  is q u a n tifie d  b y  v a ry in g  th e  p re d ic tio n s  
w ith in  th e o r e t ic a l  u n c e r ta in t ie s . T h e  P D F  b ia s  is p ro b e d  u sin g  s ig n a l M C  e v e n ts  rew eig h ted  
to  e a ch  o f  th e  2 6  d iffe re n t e ig e n v e c to r  v a r ia tio n s  o f  th e  C T 1 0  P D F  se t in  th e  d e te rm in a t io n  
o f  M .  F o r  e a ch  v a r ia tio n  th e  ch a n g e  in  th e  u n fo ld ed  cro ss  s e c t io n  is fo u n d  to  b e  m u ch  
s m a lle r  th a n  th e  ch a n g e  in  th e  p re d ic te d  c ro ss  s e c t io n  u sin g  e a ch  e ig e n v e c to r  P D F  se t . 
C h a n g in g  th e  P D F  se t c a n  a lte r  th e  p re d ic te d  c ro ss  s e c t io n  b y  up to  a  few  p e rc e n t b u t 
th e  in flu e n ce  o n  th e  u n fo ld ed  re su lt is less th a n  0 .1 % . F u r th e rm o r e , th e  ch a n g e  in  th e  
u n fo ld ed  re s u lt , u sin g  o n e  to  five i te r a t io n s  o f  u n fo ld in g , is m u ch  sm a lle r  th a n  th e  to ta l  
u n c e r ta in ty  in  th e  d a ta . T h is  s tu d y  is re p e a te d  b y  re w e ig h tin g  th e  s ig n a l M C  e v e n ts  to  
d iffe re n t v a lu es o f  th e  s c a t te r in g  a m p litu d e  co e ffic ie n t A 4 =  | A F B , w h ich  is p ro p o rt io n a l 
to  s in 2 9 W . A  v a r ia tio n  o f  ± 0 .0 1  is used , c o rre sp o n d in g  to  a  m a x im u m  ch a n g e  o f  0 .5 %  in  
th e  c ro s s -s e c tio n  p rio r, w h ich  re su lts  in  a  ch a n g e  in  th e  u n fo ld ed  c ro ss  s e c t io n  o f  less th a n
0 .1 % . T h e s e  s tu d ie s  show  th a t  p o te n t ia l  b ia se s  a re  sm a ll fo r  five i te r a t io n s  o r  less.
A  p o te n t ia l  o v e r e s tim a te  o r  u n d e re s tim a te  o f  th e  s ta t i s t ic a l  an d  s y s te m a tic  u n c e r ta in ­
t ie s  o f  th e  m e a su re m e n t d u e to  th e  ch o se n  n u m b e r  o f  u n fo ld in g  i te r a t io n s  is a lso  s tu d ied . 
T e s ts  o f  th e  s ta t is t ic a l  u n c e r ta in ty  a re  p e rfo rm e d  u sin g  p s e u d o -d a ta  g e n e ra te d  u sin g  an  
a lte r n a tiv e  P D F .  U ltim a te ly , tw o  u n fo ld in g  ite r a t io n s  a re  used  fo r th e  fin a l c ro ss -s e c tio n  
d e te rm in a t io n . T h is  n u m b e r h as  a  n e g lig ib le  b ia s  d u e to  th e  in it ia l  p r io r  an d  p ro d u ce s  a 
n e g lig ib le  b ia s  in  th e  d a ta  s ta t i s t ic a l  an d  s y s te m a tic  u n c e r ta in t ie s .
7 .6 .3  M C modelling
T h e  Z  b o so n  p T d is tr ib u tio n  is n o t w ell m o d elled  in  M C  s im u la tio n  an d  co u ld  in flu en ce  
th e  m e a s u re m e n t. T h e  p o te n t ia l  b ia s  is e s t im a te d  b y  re w e ig h tin g  th e  s ig n a l M C  e v e n ts  to  
th e  o b serv e d  d a ta  s p e c tru m  a t  re c o n s tru c tio n -le v e l. T h is  rew eig h ted  M C  sa m p le  is used  
to  u n fo ld  th e  cro ss  s e c t io n  an d  th e  d iffe ren ce  to  th e  n o m in a l m e a su re m e n t is ta k e n  as 
th e  u n c e rta in ty , w h ich  is ty p ic a lly  b elow  0 .1 % , r is in g  to  a b o u t  1%  a t  la rg e  | co s  9*| an d  
la rg e  |y«|.
A d ju s tm e n ts  to  th e  re w e ig h tin g  o f  th e  s c a t te r in g  a m p litu d e  c o e ffic ie n ts  in  th e  P o w h e g  
M C  sa m p le  a re  fo u n d  to  h av e  n e g lig ib le  im p a c t o n  th e  m e a su re d  cro ss  s e c tio n s .
T h e  M C  s im u la tio n s  used  fo r  m o d e llin g  th e  u n d e rly in g  e v e n t an d  p a r to n  show er p ro ­
ce sse s  a re  n o t e x p lic it ly  s tu d ied  h ere , b u t a re  o n ly  e x p e c te d  to  in flu e n ce  th is  m e a su re m e n t 
v ia  th e  le p to n  iso la tio n  s e le c tio n  e ffic ie n c ie s . S tu d ie s  p re sen ted  in  re fe re n ce  [1 8 ] in d ic a te  
t h a t  su ch  e ffe c ts  a re  sm all.














7 .6 .4  P D F  uncertainty
A s d iscu ssed  in  s e c t io n  6 , th e  re sp o n se  m a tr ix  M  a lso  in c lu d e s  a  sm a ll a c c e p ta n c e  in te r ­
p o la tio n  fro m  th e  m e a su re d  re g io n  to  th e  fid u c ia l reg io n . T h e s e  a c c e p ta n c e  c o r re c t io n s  
d iffer  in  e a ch  o f  th e  th r e e  m e a su re m e n t ch a n n e ls  d u e to  ne’^ g ap s in  th e  d e te c to r . T h e  c o r ­
re c tio n s  a re  5 - 1 0 %  b u t c a n  b e  la rg e r  in  c e r ta in  b in s  o f  th e  tr ip le -d iffe re n tia l c ro ss -s e c tio n  
m e a s u re m e n t. T h e  P D F  u n c e r ta in t ie s  d u e  to  th e s e  a c c e p ta n c e  c o r re c t io n s  a re  e s t im a te d  
u sin g  th e  C T 1 0  P D F  e ig e n v e c to r  se t a t  6 8 %  co n fid e n ce  lev el. T h e y  a re  fo u n d  to  b e  sm a ll, 
w ith  u n c e r ta in t ie s  o n  th e  o rd e r  o f  0 .1 %  o r  b elo w  fo r  m o st c ro s s -s e c tio n  m e a su re m e n t b in s  
in  th e  e le c tro n  ch a n n e l. In  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l th e  u n c e r ta in ty  is a lso  fo u n d  
to  b e  sm a ll, e x c e p t  a t  la rg e  | co s  9*| w h ere  it  c a n  re a ch  0 .6 % . T h e  u n c e r ta in ty  e v a lu a te d  
in  th e  m u on  c h a n n e l is fo u n d  to  b e  a b o u t  0 .5 %  a t  low  m w , n e g lig ib le  fo r m w  a t  m Z , an d  
re a ch e s  0 .6 %  fo r  la rg e  | cos9*|  an d  la rg e  |yw |.
7 .6 .5  Lum inosity
T h e  u n c e r ta in ty  in  th e  in te g ra te d  lu m in o s ity  is 1 .9 % , w h ich  is d eriv ed  fo llo w in g  th e  m e th o d ­
o lo g y  d e ta ile d  in  re fe re n ce  [7 0 ] . T h is  is fu lly  c o r re la te d  a cro ss  a ll m e a su re m e n t b in s  an d  
a n a ly s is  ch a n n e ls .
7 .7  Sum m ary of m easurem ent uncertainties
T a b le s  2 - 4 p re sen t th e  c o n tr ib u t io n s  o f  th e  in d iv id u a l u n c e r ta in t ie s  d iscu ssed  a b o v e  fo r e a ch  
c h a n n e l in  se le c te d  a n a ly s is  b in s . T h e  in flu e n ce  o f  th e  e x p e r im e n ta l  s y s te m a tic  u n c e r ta in t ie s  
o n  th e  m e a su re m e n ts  o f  d 3a  c a n  b e  d iv id ed  in to  th r e e  re g io n s o f  m u  —  b elow  th e  re so n a n ce  
p e a k , on  th e  p e a k  re g io n , an d  a b o v e  th e  re so n a n ce . In  th e  e le c tro n  ch a n n e ls , th e  la rg e s t 
m e a su re m e n t u n c e r ta in t ie s  a r ise  fro m  b a ck g ro u n d  an d  e ffic ie n cy  c o r re c t io n  u n c e r ta in t ie s  
a t  low  an d  h ig h  m u .  In  th e  p e a k  reg io n  th e  u n c e r ta in ty  is d o m in a te d  b y  th e  e n erg y  sca le  
so u rce s . T h e  m u o n  c h a n n e l p re c is io n  is lim ite d  b y  th e  b a ck g ro u n d  u n c e r ta in ty  a t  low  m u ,  
an d  b y  b o th  th e  m o m e n tu m  s c a le  an d  m isa lig n m e n t u n c e r ta in t ie s  in  th e  p e a k  reg io n . A t 
la rg e r  in v a ria n t m a ss  th e  u n c e r ta in t ie s  re la te d  to  th e  m u on  re c o n s tr u c t io n  an d  iso la tio n  
e ffic ie n cy  a lso  b e co m e  im p o r ta n t.














B i n m ee
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1 46 66 0 0 0 .2 - 1 .0 - 0 . 7 6 . 7 2 .4 3 .4 3 . 1 1 .9 5 .2 0 .5 0 . 7 0 . 5 2 . 5 0 . 7 0 .2 0 . 0 0 . 9 0 . 2 1 0 . 6
2 46 66 0 0 0 .2 - 0 .7 - 0 .4 2 . 3 0 . 8 1 .2 0 .9 1 . 1 2 .0 0 .2 0 . 2 0 . 5 2 . 7 0 . 9 0 .0 0 . 0 0 . 0 0 . 1 4 . 7
3 46 66 0 0 0 .2 - 0 .4 0 . 0 1 .4 0 . 5 0 .9 0 .4 0 .9 0 .9 0 .3 0 . 1 0 . 3 1 . 9 0 . 3 0 .0 0 . 0 0 . 0 0 . 0 2 . 9
4 46 66 0 0 0 .2 o o + 0 4 1 .4 0 . 5 0 .8 0 .5 0 .9 0 .9 0 .3 0 . 1 0 . 3 1 . 9 0 . 3 0 .0 0 . 0 0 . 0 0 . 1 3 . 0
5 46 66 0 0 0 .2
Go+
+ 0 7 2 . 2 0 . 8 0 .9 0 .9 1 . 1 2 .0 0 .2 0 . 1 0 . 5 2 . 6 0 . 8 0 .0 0 . 0 0 . 0 0 . 1 4 . 5
6 46 66 0 0 0 .2
Go+
+ 1 0 6 . 7 2 . 3 4 .8 3 . 1 1 .8 4 . 9 0 .9 0 . 5 0 . 5 2 . 6 0 . 7 0 . 1 0 . 0 0 . 9 0 . 2 1 0 . 9
79 66 80 0 2 0 .4 - 1 .0 - 0 . 7 2 . 7 1 . 3 0 .5 0 .7 0 .5 1 .6 1 .5 1 . 1 0 . 6 3 . 7 1 . 2 0 . 1 0 . 0 0 . 3 0 . 2 5 . 6
8 0 66 80 0 2 0 .4 - 0 .7 - 0 .4 1 . 3 0 . 6 0 .4 0 .3 0 .3 0 .3 0 .4 0 . 4 0 . 3 1 . 7 0 . 4 0 . 1 0 . 0 0 . 0 0 . 0 2 . 5
81 66 80 0 2 0 .4 - 0 .4 0 . 0 1 . 3 0 . 4 0 .4 0 .3 0 .3 0 . 1 0 .3 0 . 1 0 . 1 0 . 7 0 . 2 0 .0 0 . 0 0 . 0 0 . 0 1 . 6
82 66 80 0 2 0 .4 o o + 0 4 1 . 2 0 . 5 0 .3 0 .4 0 .3 0 . 1 0 .3 0 . 1 0 . 1 0 . 7 0 . 2 0 . 1 0 . 0 0 . 0 0 . 0 1 . 7
8 3 66 80 0 2 0 .4
Go+
+ 0 7 1 .4 0 . 6 0 .3 0 .3 0 .3 0 .3 0 .6 0 . 2 0 . 3 1 . 7 0 . 4 0 . 1 0 . 0 0 . 1 0 . 0 2 . 6
8 4 66 80 0 2 0 .4
Go+
+ 1 0 2 . 7 1 .4 0 .4 0 .7 0 .4 1 .6 2 .8 1 . 0 0 . 6 3 . 8 1 . 2 0 .2 0 . 0 0 . 3 0 . 1 6 . 1
157 8 0 91 0 4 0 .6 - 1 .0 - 0 . 7 0 . 6 0 . 3 0 .0 0 . 1 0 .0 0 . 1 1 .4 0 . 3 0 . 3 3 . 2 0 . 4 0 . 1 0 . 0 0 . 0 0 . 1 3 . 6
158 8 0 91 0 4 0 .6 - 0 .7 - 0 .4 0 . 4 0 . 2 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 1 0 . 1 0 . 5 0 . 2 0 . 1 0 . 0 0 . 1 0 . 0 1 . 2
159 8 0 91 0 4 0 .6 - 0 .4 0 . 0 0 . 4 0 . 1 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 1 0 . 0 0 . 3 0 . 1 0 . 1 0 . 0 0 . 0 0 . 0 1 . 1
160 8 0 91 0 4 0 .6 o o + 0 4 0 . 4 0 . 1 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 0 0 . 0 0 . 3 0 . 1 0 . 1 0 . 0 0 . 0 0 . 0 1 . 2
161 8 0 91 0 4 0 .6
Go+
+ 0 7 0 . 4 0 . 2 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 1 0 . 1 0 . 5 0 . 2 0 . 1 0 . 0 0 . 1 0 . 0 1 . 2
162 8 0 91 0 4 0 .6
Go+
+ 1 0 0 . 6 0 . 3 0 .0 0 .0 0 .0 0 . 1 1 .6 0 . 2 0 . 3 3 . 2 0 . 4 0 . 1 0 . 0 0 . 0 0 . 1 3 . 7
235 91 102 0 6 0 .8 - 1 .0 - 0 . 7 0 . 5 0 . 2 0 .0 0 . 1 0 .0 0 .0 2 . 1 0 . 2 0 . 3 2 . 6 0 . 5 0 .0 0 . 0 0 . 2 0 . 0 3 . 5
236 91 102 0 6 0 .8 - 0 .7 - 0 .4 0 . 4 0 . 2 0 .0 0 .0 0 .0 0 .0 1 .3 0 . 0 0 . 1 0 . 5 0 . 2 0 .0 0 . 0 0 . 1 0 . 0 1 . 5
237 91 102 0 6 0 .8 - 0 .4 0 . 0 0 . 4 0 . 1 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 1 0 . 0 0 . 2 0 . 1 0 .0 0 . 0 0 . 0 0 . 0 1 . 1
238 91 102 0 6 0 .8 o o + 0 4 0 . 3 0 . 1 0 .0 0 .0 0 .0 0 .0 1 .0 0 . 0 0 . 0 0 . 2 0 . 1 0 .0 0 . 0 0 . 0 0 . 0 1 . 1
239 91 102 0 6 0 .8
Go+
+ 0 7 0 . 4 0 . 2 0 .0 0 .0 0 .0 0 .0 1 .2 0 . 0 0 . 1 0 . 5 0 . 2 0 .0 0 . 0 0 . 1 0 . 0 1 .4
240 91 102 0 6 0 .8
Go+
+ 1 0 0 . 5 0 . 2 0 .0 0 . 1 0 .0 0 . 1 2 . 1 0 . 1 0 . 3 2 . 6 0 . 5 0 .0 0 . 0 0 . 2 0 . 0 3 .4
313 102 116 0 8 1 .0 - 1 .0 - 0 . 7 2 .8 1 . 2 0 .6 0 .8 0 .5 0 .7 2 . 1 0 . 9 0 . 2 1 .4 0 . 3 0 . 1 0 . 0 0 . 1 0 . 0 4 . 3
314 102 116 0 8 1 .0 - 0 .7 - 0 .4 2 . 6 1 . 2 0 .2 0 .5 0 .2 0 .9 2 .3 1 . 0 0 . 0 0 . 4 0 . 2 0 .0 0 . 0 0 . 1 0 . 1 4 . 0
315 102 116 0 8 1 .0 - 0 .4 0 . 0 2 . 0 0 . 8 1 .6 0 .3 0 .2 0 .2 1 .0 0 . 3 0 . 1 0 . 3 0 . 1 0 . 1 0 . 0 0 . 0 0 . 0 2 . 9
316 102 116 0 8 1 .0 o o + 0 4 1 .8 0 . 7 0 . 1 0 .2 0 .2 0 . 1 0 .9 0 . 5 0 . 1 0 . 3 0 . 1 0 .0 0 . 0 0 . 1 0 . 1 2 . 2
317 102 116 0 8 1 .0
Go+
+ 0 7 2 . 3 1 . 0 0 .5 0 .4 0 .2 0 .7 1 .7 1 . 3 0 . 0 0 . 4 0 . 2 0 . 1 0 . 0 0 . 0 0 . 1 3 . 5
318 102 116 0 8 1 .0
Go+
+ 1 0 2 . 3 1 . 0 0 .2 0 .6 0 .3 0 .6 2 . 1 0 . 6 0 . 2 1 .4 0 . 3 0 .0 0 . 0 0 . 0 0 . 1 3 .8
391 116 150 1 0 1 .2 - 1 .0 - 0 . 7 4 . 8 1 . 0 2 .8 1 .8 1 .3 5 . 1 0 .2 0 . 4 0 . 1 0 . 4 0 . 2 0 . 1 0 . 0 0 . 0 0 . 1 8 . 0
392 116 150 1 0 1 .2 - 0 .7 - 0 .4 3 . 5 0 . 9 0 .4 0 .7 0 .7 0 .6 0 .6 0 . 1 0 . 1 0 . 3 0 . 2 0 . 1 0 . 0 0 . 2 0 . 1 3 . 9
393 116 150 1 0 1 .2 - 0 .4 0 . 0 3 . 1 0 . 8 1 .3 0 .4 0 .5 0 .8 0 .6 0 . 1 0 . 1 0 . 4 0 . 2 0 . 1 0 . 0 0 . 0 0 . 2 3 . 7
394 116 150 1 0 1 .2 o o + 0 4 3 . 0 0 . 8 0 .6 0 .5 0 .4 0 .9 0 .6 0 . 2 0 . 1 0 . 4 0 . 2 0 . 1 0 . 0 0 . 1 0 . 0 3 . 5
395 116 150 1 0 1 .2
Go+
+ 0 7 2 .8 0 . 7 0 .5 0 .5 0 .5 0 .4 0 .6 0 . 4 0 . 1 0 . 3 0 . 2 0 . 1 0 . 0 0 . 1 0 . 1 3 . 2
396 116 150 1 0 1 .2
Go+
+ 1 0 3 . 7 0 . 8 2 .2 1 . 1 0 .8 3 .4 0 .4 0 . 2 0 . 1 0 . 4 0 . 2 0 . 1 0 . 0 0 . 0 0 . 1 5 . 7
4 69 150 200 1 2 1 .4 - 1 .0 - 0 . 7 1 1 . 9 1 .4 2 .0 3 .6 2 .2 1 .5 0 .4 0 . 3 0 . 1 0 . 5 0 . 3 0 . 1 0 . 0 0 . 0 0 . 2 1 2 . 9
4 7 0 150 200 1 2 1 .4 - 0 .7 - 0 .4 6 . 6 0 . 8 1 .0 5 .9 1 .6 0 .9 0 .9 0 . 2 0 . 1 0 . 5 0 . 3 0 . 1 0 . 0 0 . 0 0 . 1 9 . 2
4 71 150 200 1 2 1 .4 - 0 .4 0 . 0 6 . 6 1 . 0 3 . 1 1 .9 1 .0 0 .4 1 .0 0 . 1 0 . 2 0 . 6 0 . 3 0 .2 0 . 0 0 . 0 0 . 1 7 .8
4 72 150 200 1 2 1 .4 o o + 0 4 5 . 3 0 . 9 0 .8 0 .9 0 .6 0 .2 0 .6 0 . 2 0 . 2 0 . 6 0 . 3 0 .2 0 . 0 0 . 1 0 . 0 5 . 6
4 7 3 150 200 1 2 1 .4
Go+
+ 0 7 4 . 4 0 . 6 0 .5 1 .9 0 .7 0 .4 0 .9 0 . 2 0 . 1 0 . 5 0 . 3 0 . 1 0 . 0 0 . 0 0 . 0 5 . 0
4 7 4 150 200 1 2 1 .4
Go+
+ 1 0 7 . 6 0 . 9 1 . 1 2 .3 1 . 1 0 .7 0 .3 0 . 2 0 . 1 0 . 5 0 . 3 0 .2 0 . 0 0 . 0 0 . 1 8 . 3
T a b le  2 . C entral rapid ity  electron  channel uncertainties in selected bins. All un certain ties quoted 
are in un its o f percent, relative to  the m easured differential cross section. T h e  uncertainties are 
separated  into  those which are b in -to-b in  correlated  w ithin a single channel (m arked “cor” ) and 
those which are uncorrelated  (m arked “unc” ). T h e  sources are th e  uncertainties arising from  the 
d ata  sam ple size (G n c); the signal M C  sam ple size ( ¾ ¾ )  th e  sizes o f the background M C  sam ples 
(^unc); the s ta tis tica l com ponent of the m u ltije t estim ation  (V n c); the com bined correlated  (nor­
m alisation) com ponent o f all background M C  sam ples ( ^ S ) ;  the m u ltije t estim ation  (£J0Jr); the 
electron  energy scale G 0*r) and resolution (JJO?); the reconstruction  (J?0? ), identification ( V 0r), and 
trigger efficiencies G 0rS); the electron  charge m isidentification ( W G  the K -fa c to rs  (A<nfac); the Z  
boson p T m odelling (V Pr); the P D F  variation (VOrG and the to ta l m easurem ent un certa in ty  ( J t0t). 
T h e  lum inosity un certa in ty  is not included in these tab les.














B i n  m e e
[ G e V ]
\y e\ c o s 9 *
^ s t a t
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5 « ? c
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5 c o r
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5 ^ 0 °
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5 t 0 t
[%]
1 6 6 8 0 1 . 2 1 . 6 - 1 . 0 - 0 . 7 6 . 4 3 .  0 6 . 0 4 . 5 0 . 9 1 1 . 5 0 . 4 0 . 6 3 .  1 2 . 1 0 . 2 0 . 8 0 . 3 0 .  0 0 . 7 0 .  0 0 .  0 0 . 8 0 . 6 1 6 . 0
2  6 6 8 0 1 . 2 1 . 6 - 0 . 7 - 0 . 4 1 6 . 4 8 . 7 8 . 0 9 . 9 0 . 5 1 1 . 4 0 . 5 1 . 2 5 . 8 2 . 5 0 . 1 0 . 2 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 0 . 8 0 . 3 2 6 . 0
3  6 6 8 0 1 . 2 1 . 6 - 0 . 4 0 .  0
4  6 6 8 0 1 . 2 1 . 6 0 . 0 + 0 . 4
5  6 6 8 0 1 . 2 1 . 6 + 0 . 4 + 0 . 7 1 5 . 7 8 . 0 6 . 7 7 . 9 0 . 5 1 0 . 7 0 . 9 0 . 8 3 .  8 5 . 5 0 . 1 0 . 1 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 1 . 6 1 . 4 2 4 . 1
6  6 6 8 0 1 . 2 1 . 6 + 0 . 7 +  1 . 0 7 . 9 3 .  3 8 . 8 5 . 8 1 . 6 1 5 . 3 0 . 7 0 . 7 2 . 3 2 . 9 0 . 2 0 . 8 0 . 3 0 .  0 0 . 7 0 .  0 0 .  0 0 . 9 0 . 3 2 0 . 9
1 9  6 6 8 0 2 . 4 2 . 8 - 1 . 0 - 0 . 7 3 . 4 2 . 2 1 . 4 2 . 8 0 . 3 3 .  4 2 . 5 0 . 7 4 .  3 5 . 2 0 . 2 1 . 6 0 . 4 0 .  1 1 . 4 0 .  0 0 .  0 2 . 4 0 . 2 1 0 . 1
2 0  6 6 8 0 2 . 4 2 . 8 - 0 . 7 - 0 . 4 2 . 2 1 . 3 0 .  8 1 . 6 0 . 3 1 . 1 1 . 2 0 . 6 3 .  1 3 .  9 0 . 1 0 . 8 0 . 2 0 .  0 1 . 3 0 .  0 0 .  0 0 . 5 0 . 1 6 . 4
2 1  6 6 8 0 2 . 4 2 . 8 - 0 . 4 0 .  0 2 . 3 1 . 0 0 .  8 1 . 4 0 . 2 1 . 5 0 . 4 0 . 2 0 .  9 0 .  3 0 . 1 0 . 5 0 . 2 0 .  0 0 . 8 0 .  0 0 .  0 0 . 1 0 . 0 3 . 6
2 2  6 6 8 0 2 . 4 2 . 8 0 . 0 + 0 . 4 2 . 8 1 . 2 1 . 5 1 . 9 0 . 4 2 . 0 0 . 4 0 . 5 1 . 3 0 .  3 0 . 1 0 . 5 0 . 2 0 .  0 0 . 7 0 .  0 0 .  0 0 . 3 0 . 1 4 . 7
2 3  6 6 8 0 2 . 4 2 . 8 + 0 . 4 + 0 . 7 2 . 7 1 . 6 1 . 3 2 . 3 0 . 4 1 . 7 1 . 6 0 . 2 4 .  0 6 . 0 0 . 1 0 . 8 0 . 2 0 .  0 1 . 4 0 .  1 0 .  0 1 .1 0 . 2 8 . 8
2 4  6 6 8 0 2 . 4 2 . 8 + 0 . 7 + 1 . 0 4 . 2 2 . 7 3 .  4 3 . 7 0 . 7 5 . 5 2 . 8 0 . 9 4 .  9 6 . 5 0 . 2 1 . 6 0 . 4 0 .  1 1 . 4 0 .  0 0 .  0 3 . 6 0 . 3 1 3 . 2
7 3  9 1 1 0 2 2 . 0 2 . 4 - 1 . 0 - 0 . 7 0 . 9 0 .  6 0 .  2 0 . 3 0 . 0 0 .  8 0 . 8 0 . 1 1 . 9 0 .  1 0 . 2 0 . 8 0 . 2 0 .  0 1 . 2 0 .  0 0 .  0 0 . 8 0 . 1 2 . 9
7 4  9 1 1 0 2 2 . 0 2 . 4 - 0 . 7 - 0 . 4 0 . 5 0 .  3 0 .  0 0 . 2 0 . 0 0 .  7 0 . 9 0 . 1 1 . 5 0 .  2 0 . 0 0 . 4 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 0 . 1 0 . 1 2 . 1
7 5  9 1 1 0 2 2 . 0 2 . 4 - 0 . 4 0 .  0 0 . 7 0 .  3 0 .  1 0 . 4 0 . 0 0 .  6 0 . 6 0 . 1 1 . 7 0 .  1 0 . 0 0 . 2 0 . 1 0 .  0 0 . 7 0 .  0 0 .  0 0 . 1 0 . 0 2 . 2
7 6  9 1 1 0 2 2 . 0 2 . 4 0 . 0 + 0 . 4 0 . 6 0 .  3 0 .  1 0 . 4 0 . 0 0 .  5 0 . 5 0 . 1 1 . 5 0 .  1 0 . 0 0 . 2 0 . 1 0 .  0 0 . 7 0 .  0 0 .  0 0 . 1 0 . 1 2 . 0
7 7  9 1 1 0 2 2 . 0 2 . 4 + 0 . 4 + 0 . 7 0 . 5 0 .  3 0 .  1 0 . 1 0 . 0 0 .  5 0 . 9 0 . 2 1 . 3 0 .  3 0 . 0 0 . 4 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 0 . 2 0 . 1 2 . 0
7 8  9 1 1 0 2 2 . 0 2 . 4 + 0 . 7 + 1 . 0 0 . 9 0 .  5 0 .  2 0 . 3 0 . 0 0 .  3 0 . 7 0 . 2 1 . 6 0 .  2 0 . 2 0 . 7 0 . 2 0 .  0 1 . 2 0 .  0 0 .  0 0 . 8 0 . 0 2 . 6
9 7  1 0 2 1 1 6 1 . 6 2 . 0 - 1 . 0 - 0 . 7 3 . 8 1 . 8 2 . 0 2 . 9 0 . 7 4 .  2 0 . 6 0 . 3 2 . 4 2 . 2 0 . 1 0 . 3 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 1 . 5 0 . 1 7 . 9
9 8  1 0 2 1 1 6 1 . 6 2 . 0 - 0 . 7 - 0 . 4 4 . 4 2 . 1 2 . 0 3 . 4 0 . 3 3 .  6 1 . 2 0 . 6 2 . 1 1 . 2 0 . 0 0 . 2 0 . 0 0 .  0 0 . 7 0 .  0 0 .  0 1 . 5 0 . 2 8 . 0
9 9  1 0 2 1 1 6 1 . 6 2 . 0 - 0 . 4 0 .  0
1 0 0  1 0 2 1 1 6 1 . 6 2 . 0 0 . 0 + 0 . 4
1 0 1  1 0 2 1 1 6 1 . 6 2 . 0 + 0 . 4 + 0 . 7 3 . 3 1 . 5 1 . 6 2 . 1 0 . 2 2 . 2 1 . 0 0 . 7 1 . 7 1 . 0 0 . 0 0 . 2 0 . 0 0 .  0 0 . 7 0 .  0 0 .  0 1 .1 0 . 1 5 . 6
1 0 2  1 0 2 1 1 6 1 . 6 2 . 0 + 0 . 7 + 1 . 0 2 . 6 1 . 4 1 . 3 1 . 5 0 . 3 1 . 9 0 . 3 0 . 1 2 . 1 1 . 0 0 . 1 0 . 3 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 0 . 9 0 . 2 4 . 9
1 0 9  1 0 2 1 1 6 2 . 4 2 . 8 - 1 . 0 - 0 . 7 3 . 7 2 . 2 2 . 3 3 . 4 0 . 8 6 . 2 3 . 3 1 . 2 6 . 7 6 . 6 0 . 1 0 . 6 0 . 1 0 .  0 1 . 4 0 .  0 0 .  0 3 . 3 0 . 3 1 3 . 7
1 1 0  1 0 2 1 1 6 2 . 4 2 . 8 - 0 . 7 - 0 . 4 4 . 2 2 . 3 1 . 0 3 . 7 0 . 3 3 .  3 1 . 4 1 . 2 5 . 5 4 .  2 0 . 0 0 . 2 0 . 1 0 .  0 1 . 2 0 .  0 0 .  0 2 . 0 0 . 2 1 0 . 2
1 1 1  1 0 2 1 1 6 2 . 4 2 . 8 - 0 . 4 0 .  0 3 . 9 1 . 9 1 . 5 4 . 5 0 . 2 4 .  6 0 . 7 0 . 9 2 . 3 1 . 2 0 . 1 0 . 3 0 . 2 0 .  0 0 . 7 0 .  0 0 .  0 0 . 9 0 . 2 8 . 5
1 1 2  1 0 2 1 1 6 2 . 4 2 . 8 0 . 0 + 0 . 4 3 . 1 1 . 5 0 .  7 2 . 9 0 . 1 3 .  2 0 . 6 0 . 4 2 . 3 1 . 3 0 . 1 0 . 3 0 . 1 0 .  0 0 . 8 0 .  0 0 .  0 0 . 9 0 . 1 6 . 3
1 1 3  1 0 2 1 1 6 2 . 4 2 . 8 + 0 . 4 + 0 . 7 2 . 7 1 . 6 1 . 1 1 . 7 0 . 2 1 . 6 1 . 2 0 . 8 4 .  0 2 . 1 0 . 0 0 . 2 0 . 1 0 .  0 1 . 2 0 .  0 0 .  0 1 . 4 0 . 2 6 . 5
1 1 4  1 0 2 1 1 6 2 . 4 2 . 8 + 0 . 7 + 1 . 0 2 . 2 1 . 4 1 . 3 1 . 5 0 . 3 2 . 4 2 . 0 0 . 8 3 .  3 3 .  2 0 . 1 0 . 6 0 . 1 0 .  0 1 . 3 0 .  0 0 .  0 2 . 2 0 . 1 7 . 0
1 2 7  1 1 6 1 5 0 1 . 6 2 . 0 - 1 . 0 - 0 . 7 8 . 4 1 . 7 8 . 7 7 . 1 2 . 9 2 9 . 0 0 . 2 0 . 4 1 . 8 1 . 2 0 . 0 0 . 1 0 . 0 0 .  0 0 . 6 0 .  0 0 .  0 0 . 7 0 . 2 3 2 . 5
1 2 8  1 1 6 1 5 0 1 . 6 2 . 0 - 0 . 7 - 0 . 4 7 . 6 2 . 0 4 .  2 9 . 0 1 . 3 8 . 6 0 . 6 0 . 2 0 .  3 0 .  5 0 . 0 0 . 1 0 . 0 0 .  0 0 . 6 0 .  0 0 .  0 0 . 5 0 . 2 1 5 . 4
1 2 9  1 1 6 1 5 0 1 . 6 2 . 0 - 0 . 4 0 .  0
1 3 0  1 1 6 1 5 0 1 . 6 2 . 0 0 . 0 + 0 . 4
1 3 1  1 1 6 1 5 0 1 . 6 2 . 0 + 0 . 4 + 0 . 7 4 . 4 1 . 2 3 .  1 3 . 8 0 . 5 3 .  1 0 . 2 0 . 1 0 .  3 0 .  2 0 . 0 0 . 1 0 . 0 0 .  0 0 . 6 0 .  0 0 .  0 0 . 3 0 . 1 7 . 4
1 3 2  1 1 6 1 5 0 1 . 6 2 . 0 + 0 . 7 + 1 . 0 3 . 9 0 .  9 5 . 5 2 . 5 1 . 2 9 .  8 0 . 2 0 . 1 0 .  9 0 .  2 0 . 0 0 . 1 0 . 0 0 .  0 0 . 7 0 .  0 0 .  0 0 . 5 0 . 1 1 2 . 3
1 3 9  1 1 6 1 5 0 2 . 4 2 . 8 - 1 . 0 - 0 . 7 1 6 . 3 2 . 9 1 1 . 4 1 4 . 0 5 . 4 2 9 . 3 1 . 3 0 . 5 5 . 4 1 . 7 0 . 1 0 . 3 0 . 1 0 .  0 1 .1 0 .  1 0 .  0 1 . 3 0 . 3 3 9 . 1
1 4 0  1 1 6 1 5 0 2 . 4 2 . 8 - 0 . 7 - 0 . 4 7 . 5 3 .  0 7 .  5 7 . 3 1 . 2 1 0 . 7 0 . 2 0 . 2 1 . 2 1 . 4 0 . 0 0 . 2 0 . 1 0 .  0 0 . 9 0 .  0 0 .  0 1 . 6 0 . 3 1 7 . 2
1 4 1  1 1 6 1 5 0 2 . 4 2 . 8 - 0 . 4 0 .  0 6 . 0 1 . 7 3 .  8 5 . 6 0 . 5 6 . 8 0 . 2 0 . 1 1 . 8 0 .  5 0 . 1 0 . 4 0 . 1 0 .  0 0 . 6 0 .  1 0 .  0 0 . 9 0 . 1 1 1 . 6
1 4 2  1 1 6 1 5 0 2 . 4 2 . 8 0 . 0 + 0 . 4 4 . 5 1 . 4 3 .  1 3 . 2 0 . 5 3 .  4 0 . 1 0 . 5 0 .  8 0 .  2 0 . 1 0 . 4 0 . 1 0 .  0 0 . 6 0 .  0 0 .  0 0 . 5 0 . 1 7 . 4
1 4 3  1 1 6 1 5 0 2 . 4 2 . 8 + 0 . 4 + 0 . 7 3 . 8 1 . 4 2 . 4 2 . 4 0 . 4 3 .  3 0 . 3 0 . 3 0 .  9 0 .  7 0 . 0 0 . 2 0 . 1 0 .  0 1 . 0 0 .  0 0 .  0 0 . 9 0 . 1 6 . 5
1 4 4  1 1 6 1 5 0 2 . 4 2 . 8 + 0 . 7 + 1 . 0 3 . 3 1 . 0 1 . 7 2 . 0 0 . 7 3 .  8 0 . 7 0 . 2 1 . 8 0 .  6 0 . 1 0 . 3 0 . 1 0 .  0 1 .1 0 .  0 0 .  0 0 . 2 0 . 1 6 . 3
Table 3 . High rapid ity  electron  channel uncertainties in selected bins. All uncertainties quoted are 
in un its of percent, relative to  the m easured differential cross section. B in s w ith b lank entries ( “ - ” ) 
are those th a t have been om itted  from  the m easurem ent due to  a lack o f expected  events. T h e  un­
certa in ties are separated  into those which are b in -to-b in  correlated  w ithin a single channel (m arked 
“cor” ) and those which are uncorrelated  (m arked “unc” ). T h e  sources are the un certainties arising 
from  the d ata  sam ple size (JUtfc); the signal M C  sam ple size (¾ ¾ ); the sizes o f the background M C 
sam ples ( ¾ ¾ ); the s ta tis tica l com ponent of the m u ltije t estim ation  (^UrL); the com bined correlated  
(norm alisation) com ponent of all background M C  sam ples (^Or8); the m u ltije t estim ation  (£J0r); 
the electron  energy scale (^Oi) and resolution (£J0r); th e  forward electron  energy scale (^ COC*) and 
resolution (^CS?); th e  reconstruction  (£?0r), identification (#C0r), trigger (#t0rS), isolation (#C0°), and 
forward identification efficiencies ( f i 0r); the electron  charge m isidentification (óq0rld); the K -fa c to rs  
(^co?C); the Z  boson p T m odelling (^ZOr); th e  P D F  variation (JpOr); and the to ta l m easurem ent 
un certa in ty  (£t0t). T h e  lum inosity u n certain ty  is not included in these tables.
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B i n yy 1 y  y y  1 co s
0 * r s t a t
° u n c *u n c 5 S r c r sc a s * r a r * c a r ^cor ^ a i s rkfac° c a r 6 t a t
[G e V ] [%] [%]
u[%nc]
[%] % ] %] [%] [%] [%] [%] [%] [%] [%] [%] [%]
1 4 6 , 66 0 0 , 0 2 - 1 0 - 0 7 5 . 4 2 . 0 2 1 1 5 0 5 0 2 0 . 5 0 .6 0 3 0 .3 0 7 0 0 0 5 0 3 6 . 6
2 4 6 , 66 0 0 , 0 2 - 0 7 - 0 4 1 .8 0 . 7 1 1 1 2 0 0 0 0 0 .1 0.1 0 2 0 .2 0 5 0 2 0 3 0 2 2 . 7
3 4 6 , 66 0 0 , 0 2 - 0 4 0 . 0 1 .5 0 . 6 0 8 0 9 0 5 0 0 0 .1 0 .0 0 5 0 . 4 0 0 0 2 0 4 0 2 2 . 3
4 4 6 , 66 0 0 , 0 2 0 0 , + 0 4 1 .5 0 . 6 0 9 0 9 0 5 0 0 0 .1 0.1 0 5 0 . 4 0 0 0 2 0 5 0 2 2 . 3
5 4 6 , 66 0 0 , 0 2 + 0 4 , + 0 7 1 .9 0 . 6 1 2 1 2 0 0 0 0 .1 0 . 4 0 2 0 .2 0 5 0 2 0 3 0 2 2 . 8
6 4 6 , 66 0 0 , 0 2 + 0 7 , + 1 0 5 . 7 2 . 0 3 6 1 8 0 5 0 1 .0 0.1 0 3 0 .3 0 8 0 2 0 6 0 8 7 . 7
79 6 6 , 8 0 0 2 , 0 4 - 1 0 - 0 . 7 2 . 3 1.1 0 5 0 6 0 7 0 0 . 7 0 . 4 0 2 0 .2 0 3 0 0 0 0 0 1 3 . 0
8 0 6 6 , 8 0 0 2 , 0 4 - 0 7 - 0 . 4 1 .3 0 . 7 0 3 0 4 0 1 0 0 . 2 0.1 0 3 0 .3 0 0 0 0 0 0 0 1 1 . 7
81 6 6 , 8 0 0 2 , 0 4 - 0 4 0 . 0 1 . 4 0 . 7 0 4 0 3 0 2 0 0 . 2 0 .2 0 4 0 . 4 0 0 0 1 0 1 0 3 1 .8
8 2 6 6 , 8 0 0 2 , 0 4 0 0 , + 0 4 1 . 4 0 . 7 0 3 0 3 0 2 0 0 .1 0 .2 0 4 0 . 4 0 1 0 1 0 1 0 2 1 .8
8 3 6 6 , 8 0 0 2 , 0 4 + 0 4 , + 0 7 1 . 4 0 . 7 0 4 0 4 0 1 0 0 . 2 0 .2 0 3 0 .3 0 0 0 1 0 1 0 1 1 .8
8 4 6 6 , 8 0 0 2 , 0 4 + 0 7 , + 1 0 2 . 2 1.1 0 4 0 6 0 8 0 2 0 . 7 0.1 0 2 0 .2 0 3 0 0 0 0 0 3 3 . 0
1 5 7 8 0 , 91 0 4 , 0 6 - 1 0 - 0 . 7 0 . 4 0 . 2 0 0 0 0 0 0 0 1 1 .0 0.1 0 3 0 .3 0 0 0 0 0 0 0 1 1 . 4
1 5 8 8 0 , 91 0 4 , 0 6 - 0 7 - 0 . 4 0 . 4 0 . 2 0 0 0 0 0 0 0 2 0 . 6 0.1 0 4 0 . 4 0 1 0 0 0 0 0 0 1.1
1 5 9 8 0 , 91 0 4 , 0 6 - 0 4 0 . 0 0 . 3 0 .1 0 0 0 0 0 0 0 2 0 . 3 0.1 0 3 0 .3 0 0 0 0 0 0 0 0 0 . 9
1 6 0 8 0 , 91 0 4 , 0 6 0 0 , + 0 4 0 . 3 0 .1 0 0 0 0 0 0 0 2 0 . 3 0.1 0 3 0 .3 0 0 0 0 0 0 0 0 0 . 9
161 8 0 , 91 0 4 , 0 6 + 0 4 , + 0 7 0 . 4 0 . 2 0 0 0 0 0 0 0 2 0 . 6 0 .0 0 4 0 . 4 0 1 0 0 0 0 0 0 1.1
1 6 2 8 0 , 91 0 4 , 0 6 + 0 7 , + 1 0 0 . 4 0 . 2 0 0 0 0 0 0 0 2 1.1 0.1 0 3 0 .3 0 1 0 0 0 1 0 0 1 . 4
2 3 5 9 1 , 1 0 2 0 6 , 0 8 - 1 0 - 0 . 7 0 . 4 0 . 2 0 0 0 0 0 0 0 1 0 . 5 0 .0 0 3 0 .3 0 1 0 0 0 1 0 0 1 .0
2 3 6 9 1 , 1 0 2 0 6 , 0 8 - 0 7 - 0 . 4 0 . 3 0 . 2 0 0 0 0 0 0 0 1 1 .0 0 .0 0 4 0 . 4 0 2 0 0 0 0 0 0 1 .3
2 3 7 9 1 , 1 0 2 0 6 , 0 8 - 0 4 0 . 0 0 . 3 0 .1 0 0 0 0 0 0 0 1 0 . 3 0 .0 0 2 0 .2 0 0 0 0 0 0 0 0 0 . 8
2 3 8 9 1 , 1 0 2 0 6 , 0 8 0 0 , + 0 4 0 . 3 0 .1 0 0 0 0 0 0 0 2 0 . 3 0 .0 0 3 0 .2 0 0 0 0 0 0 0 0 0 . 8
2 3 9 9 1 , 1 0 2 0 6 , 0 8 + 0 4 , + 0 7 0 . 3 0 . 2 0 0 0 0 0 0 0 2 1 .0 0 .0 0 4 0 . 4 0 1 0 0 0 0 0 0 1 .3
2 4 0 9 1 , 1 0 2 0 6 , 0 8 + 0 7 , + 1 0 0 . 4 0 . 2 0 0 0 0 0 0 0 1 0 . 5 0 .0 0 3 0 .3 0 1 0 0 0 1 0 1 1 .0
3 1 3 1 0 2 , 1 1 6 0 8 , 1 0 - 1 0 - 0 . 7 2 .1 1 .0 0 1 0 4 0 0 0 2 0 . 9 1 .4 0 4 0 . 4 0 2 0 0 0 0 0 1 3 . 0
3 1 4 1 0 2 , 1 1 6 0 8 , 1 0 - 0 7 - 0 . 4 1 .8 0 . 8 0 0 0 2 0 1 0 2 1 .8 0 .3 0 3 0 .3 0 2 0 0 0 0 0 0 2 . 8
3 1 5 1 0 2 , 1 1 6 0 8 , 1 0 - 0 4 0 . 0 1 . 7 0 . 7 0 0 0 1 0 0 0 1 0 . 4 0 .6 0 3 0 .3 0 1 0 0 0 0 0 0 2 . 0
3 1 6 1 0 2 , 1 1 6 0 8 , 1 0 0 0 , + 0 4 1 .6 0 . 6 0 0 0 1 0 0 0 2 0 . 4 0 .5 0 3 0 .3 0 0 0 0 0 0 0 0 2 . 0
3 1 7 1 0 2 , 1 1 6 0 8 , 1 0 + 0 4 , + 0 7 1 .6 0 . 7 0 0 0 2 0 1 0 2 2 . 0 0 .8 0 4 0 .3 0 1 0 0 0 0 0 1 2 . 8
3 1 8 1 0 2 , 1 1 6 0 8 , 1 0 + 0 7 , + 1 0 2 . 0 0 . 9 0 1 0 3 0 0 0 2 0 . 8 1.5 0 4 0 . 4 0 0 0 0 0 0 0 0 2 . 7
3 9 1 1 1 6 , 1 5 0 1 0 , 1 2 - 1 0 - 0 . 7 4 . 1 1 .2 0 3 1 3 0 0 0 1 0 . 5 0 .3 0 5 0 .5 0 2 0 1 0 0 0 4 . 8
3 9 2 1 1 6 , 1 5 0 1 0 , 1 2 - 0 7 - 0 . 4 2 . 9 0 . 7 0 2 0 7 0 1 0 1 0 . 7 0 . 4 0 4 0 .3 0 2 0 0 0 1 0 3 . 4
3 9 3 1 1 6 , 1 5 0 1 0 , 1 2 - 0 4 0 . 0 2 . 5 0 . 6 0 1 0 5 0 1 0 1 0 . 5 0.1 0 3 0 .3 0 2 0 0 0 1 0 2 . 8
3 9 4 1 1 6 , 1 5 0 1 0 , 1 2 0 0 , + 0 4 2 . 2 0 . 6 0 1 0 4 0 0 0 0 0 . 5 0 .0 0 3 0 .3 0 1 0 0 0 1 0 2 . 5
3 9 5 1 1 6 , 1 5 0 1 0 , 1 2 + 0 4 , + 0 7 2 . 3 0 . 6 0 2 0 5 0 0 0 0 0 . 4 0 .3 0 3 0 .3 0 0 0 0 0 1 0 2 . 6
3 9 6 1 1 6 , 1 5 0 1 0 , 1 2 + 0 7 , + 1 0 3 . 2 0 . 9 0 3 0 7 0 1 0 1 0 . 8 0.1 0 5 0 .5 0 0 0 0 0 0 0 3 . 8
4 6 9 1 5 0 , 2 0 0 1 2 , 1 4 - 1 0 - 0 . 7 1 1 . 1 1 .5 1 2 2 9 0 1 0 3 2 . 7 0 .5 0 7 0 .5 0 2 0 1 0 0 0 1 3 . 6
4 7 0 1 5 0 , 2 0 0 1 2 , 1 4 - 0 7 - 0 . 4 5 . 6 0 . 8 0 5 1 4 0 0 0 1 1 .3 0.1 0 5 0 . 4 0 2 0 0 0 0 0 6 . 2
4 7 1 1 5 0 , 2 0 0 1 2 , 1 4 - 0 4 0 . 0 4 . 6 0 . 6 0 3 0 9 0 1 0 0 1 .0 0 .2 0 4 0 . 4 0 2 0 0 0 0 0 5 .1
4 7 2 1 5 0 , 2 0 0 1 2 , 1 4 0 0 , + 0 4 4 . 1 0 . 5 0 2 0 7 0 1 0 0 1.1 0 .0 0 4 0 . 4 0 1 0 0 0 0 0 4 . 5
4 7 3 1 5 0 , 2 0 0 1 2 , 1 4 + 0 4 , + 0 7 4 . 0 0 . 5 0 2 0 8 0 0 0 1 0 . 8 0 .2 0 4 0 . 4 0 0 0 0 0 0 0 4 . 3
4 7 4 1 5 0 , 2 0 0 1 2 , 1 4 + 0 7 , + 1 0 6 . 6 0 . 9 0 5 1 2 0 1 0 0 1 . 7 0 .0 0 6 0 .5 0 0 0 0 0 1 0 8 . 0
T a b le  4 . C entral rap id ity  muon channel uncertainties in selected bins. All uncertainties quoted 
are in un its o f percent, relative to  the m easured differential cross section. T h e  uncertainties are 
separated  into  those which are b in -to-b in  correlated  w ithin a single channel (m arked “cor” ) and 
those which are uncorrelated  (m arked “unc” ). T h e  sources are th e  uncertainties arising from  the 
d ata  sam ple size (£UnCt); the signal M C  sam ple size ( '^UrFc); the sizes o f the background M C  sam ­
ples (óJbJkf); the com bined correlated  (norm alisation) com ponent of all background M C  sam ples 
(^Or8); th e  m u ltije t estim ation  (£J0 r); the muon m om entum  scale (£S0r); the sag itta  bias corrections 
(^Sot); th e  muon m om entum  resolution (£r0r); the reconstruction  (££0?), identification (£C0 r), and 
trigger efficiencies (£t0rS); the K -fa c to rs  (£k0rC); the Z  boson p T m odelling (£ZPt); the P D F  variation 
(£?ot); and the to ta l m easurem ent un certa in ty  (£t0t). T h e  lum inosity un certa in ty  is not included in 
these tab les.















In  th e  tw o  in v a ria n t m ass  b in s  in  th e  reg io n  8 0  <  m u  <  102  G e V , th e  m e a su re m e n t o f  
d 3 a  in  th e  c e n tr a l  e le c tro n  c h a n n e l a ch iev es  a  to ta l  u n c e r ta in ty  (e x c lu d in g  th e  lu m in o s ity  
c o n tr ib u t io n )  o f  1 -2 %  p e r  b in . In  th e  m u o n  ch a n n e l th e  p re c is io n  is b e t t e r  th a n  1% . 
In  b o th  ca se s  th e  m e a su re m e n t p re c is io n  is d o m in a te d  b y  th e  e x p e r im e n ta l  s y s te m a tic  
u n c e r ta in t ie s , c o m p a re d  to  a  d a ta  s ta t is t ic a l  u n c e r ta in ty  o f  a b o u t  0 .5 %  p e r  b in  in  th is  h ig h - 
p re c is io n  reg io n . In  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l, th e  p re c is io n  o f  th e  m e a su re m e n t 
re a ch e s  2 - 3 %  p e r  b in , o f  w h ich  th e  s ta t is t ic a l  u n c e r ta in ty  is a b o u t  0 .5 % .
T h e  d a ta  ta b le s  p ro v id ed  in  th is  p a p e r  c o n ta in  c o m p a c t su m m a rie s  o f  th e  m e a su re m e n t 
u n c e r ta in t ie s ; how ever, c o m p le te  ta b le s  w ith  th e  fu ll b rea k d o w n  o f  a ll s y s te m a tic  u n c e r ta in ­
t ie s  an d  th e ir  c o r re la te d  c o m p o n e n ts  a re  p ro v id ed  in  H E P D a t a  [7 1 , 7 2 ] . T h e s e  c o m p le te  
ta b le s  a lso  in c lu d e  th e  c o r re c t io n  fa c to rs  u sed  to  t r a n s la te  th e  u n fo ld ed  m e a s u re m e n ts  fro m  
th e  d re sse d -le v e l to  th e  B o rn - le v e l  as d iscu ssed  in  s e c t io n  6 .
8.1 Com bination of the central rapidity electron and muon channels
T h e  c e n tr a l  ra p id ity  e le c tro n  an d  m u o n  m e a su re m e n t ch a n n e ls  a re  d efin ed  w ith  a  co m ­
m o n  fid u c ia l reg io n  g iv en  in  s e c t io n  6  an d  th e re fo r e  a re  co m b in e d  to  fu r th e r  re d u ce  th e  
e x p e r im e n ta l  u n c e r ta in t ie s . A  %2 -m in im is a t io n  te c h n iq u e  is used  to  c o m b in e  th e  cro ss  se c ­
t io n s  [7 3 - 7 5 ] . T h is  m e th o d  in tro d u ce s  a  n u isa n ce  p a ra m e te r  fo r e a ch  s y s te m a tic  e rro r  so u rce  
w h ich  c o n tr ib u te s  to  th e  to ta l  x 2 . T h e  so u rce s  o f  u n c e r ta in ty  co n sid ere d  a re  d iscu ssed  
in  s e c t io n  7 . C o rre la te d  so u rce s  o f  u n c e r ta in ty  w h ich  a re  p ro p a g a te d  w ith  th e  p seu d o ­
e x p e r im e n t o r b o o ts tr a p  re sa m p lin g  m e th o d s  c a n  b e  re p re se n te d  in  co v a ria n ce  m a tr ix  fo rm  
fo r  e a ch  so u rce . T h e  co v a ria n ce  m a tr ic e s  a re  d eco m p o se d  in to  e ig e n v e c to r  re p re s e n ta tio n s  
as in p u t to  th e  x 2 -m in im isa t io n  fu n c tio n . F o r  e a ch  co v a ria n ce  m a tr ix  th e  e ig e n v e c to rs  a re  
so rte d  b y  th e  m a g n itu d e  o f  th e ir  c o rre sp o n d in g  e ig en v a lu es . T h e  la rg e s t o f  th e  e ig en v alu es 
a re  ad d ed  in  o rd e r  o f  d e cre a s in g  v a lu e  u n til th e ir  su m  e x ce e d s  a  c e r ta in  fr a c t io n  o f  th e  
su m  o f  a ll e ig en v a lu es , /eig. A t w h ich  p o in t th e  c o r re la tio n  in fo rm a tio n  fo r  th e  e ig e n v e cto rs  
w h ose  e ig en v a lu es  w ere n o t in c lu d e d  in  th e  su m  is ig n o red  an d  th e  e ig e n v e c to rs  a re  ad d ed  
in  q u a d ra tu re  to  fo rm  a  d ia g o n a l u n c o rre la te d  u n c e r ta in ty  m a tr ix . T h e  re s u lt in g  n u m b e rs  
o f  n u isa n ce  p a ra m e te rs  d ep en d s  o n  th e  c o m p le x ity  o f  th e  c o r re la t io n  p a t te r n  an d  o n  f eig, 
fo r  w h ich  v a lu es b e tw e e n  9 9 %  an d  2 0 %  a re  ch o se n  d ep en d in g  o n  th e  so u rce .
T h is  m e th o d  o f  d e c o m p o sitio n  c a n  a c c u r a te ly  d e s c r ib e  th e  fu ll co v a ria n ce  m a tr ix , an d  
s im u lta n e o u s ly  re d u ce  th e  n u m b e r o f  n u isa n ce  p a ra m e te rs . T h e  m e th o d  p reserv es  th e  to ta l  
u n c e r ta in ty  an d  m a rg in a lly  e n h a n ce s  th e  u n c o rre la te d  co m p o n e n t o f  th e  u n c e r ta in ty  by  
c o n s tr u c t io n . T h e  o r ig in a l an d  d eco m p o se d  c o v a ria n c e  m a tr ic e s  a re  c o m p a re d  an d  fo u n d  
to  ag re e  w ell su ch  th a t  th e  co m b in e d  re s u lts  a re  fo u n d  to  b e  s ta b le  in  te rm s  o f  x 2 an d  
th e  c e n tra l  v a lu es an d  th e ir  u n c e r ta in t ie s  w h en  /eig is v aried  a ro u n d  th e  ch o se n  v a lu e  in  a 
w id e ra n g e .
B in - to - b in  c o r re la te d  so u rce s  o f  u n c e r ta in ty  w h ich  a re  a lso  c o r re la te d  b e tw ee n  th e  tw o 
m e a su re m e n t ch a n n e ls  sh a re  co m m o n  n u isa n ce  p a ra m e te rs , an d  a re  lis te d  in  s e c t io n  7 .6 . 
In  to ta l ,  2 7 5  n u isa n ce  p a ra m e te rs  a re  used  in  th e  p ro ce d u re . T h e  b e h a v io u r  o f  th e  u n ­
c e r ta in t ie s  w ith  re s p e c t  to  th e  co m b in ed  c ro s s -s e c tio n  v a lu es  c a n  lead  to  n o n -G a u s s ia n














d is tr ib u tio n s  o f  th e  n u isa n ce  p a ra m e te rs . F o r  e x a m p le , so u rce s  re la te d  to  th e  s e le c tio n  
e ffic ie n c ies  a re  e x p e c te d  to  b e  p ro p o rt io n a l to  th e  co m b in ed  c ro s s -s e c tio n  v a lu e , i .e . have 
m u ltip lic a t iv e  b e h a v io u r ; so u rce s  re la te d  to  b a ck g ro u n d  s u b tr a c t io n  a re  e x p e c te d  to  b e  in ­
d e p e n d e n t o f  th e  co m b in e d  c ro ss  s e c t io n  an d  th e re fo r e  h av e  an  a d d itiv e  b e h a v io u r . F in a lly , 
d a ta  s ta t i s t ic a l  so u rce s  a re  e x p e c te d  to  b e  p ro p o rt io n a l to  th e  sq u a re -ro o t o f  th e  co m b in ed  
c ro ss  s e c tio n , an d  h av e  P o iss o n -lik e  b e h a v io u r  ev en  a f te r  u n fo ld in g .
T h e  c o m b in a tio n  o f  th e  c e n tra l  e le c tro n  an d  m u on  ch a n n e ls  in tro d u c e s  s h ifts  an d  c o n ­
s tr a in ts  to  th e  n u isa n ce  p a ra m e te rs . T h e s e  s h ifts  a re  p ro p a g a te d  to  h ig h  ra p id ity  e le c tro n  
c h a n n e l m e a su re m e n t b u t o n ly  h av e a  sm a ll im p a c t o n  th is  c h a n n e l s in ce  it  is d o m in a te d  by  
th e  fo rw ard  c a lo r im e te r  u n c e r ta in t ie s . T h e  c o m b in a tio n  o f  th e  e le c tro n  an d  m u on  ch a n n e l 
c ro s s -s e c tio n  m e a su re m e n ts  re s u lts  in  a  x 2 p e r  d eg ree  o f  fre e d o m  (d o f)  o f  4 8 9 / 4 5 1  (p -v a lu e  
o f  1 0 % ) . T h e  p u lls  o f  th e  in d iv id u a l c h a n n e l m e a su re m e n ts  to  th e  co m b in ed  d a ta  a re  fo u n d  
to  b e  G a u s s ia n -d is tr ib u te d  a b o u t  zero  w ith  u n it R M S . T h e y  d o  n o t in d ic a te  an y  tre n d s  as 
a  fu n c tio n  o f  th e  k in e m a tic  v a r ia b le s . T h e  p u lls  o f  th e  n u isa n ce  p a ra m e te rs  a re  s im ila rly  
fo u n d  to  b e  G a u s s ia n -d is tr ib u te d  a b o u t  zero  w ith  a  so m e w h a t la rg e r  w id th  o f  1 .1 8 . O n ly  
s ix  n u isa n ce  p a ra m e te rs  h av e s h ifts  e x ce e d in g  th r e e  s ta n d a rd  d e v ia t io n s , w h ich  a re  so u rces  
re la te d  to  th e  c a l ib r a t io n  o f  th e  e le c tro m a g n e tic  c a lo r im e te r , an d  th e  so u rce  d e scr ib in g  
th e  n o r m a lis a tio n  o f  th e  Z  ^  t t  b a ck g ro u n d  M C  sa m p le . T h e s e  p a r t ic u la r  so u rce s  have 
n e g lig ib le  im p a c t o n  th e  m e a su re m e n t.
8.2  Com patibility tests and integrated m easurem ents
In  th e  fo llo w in g  su b s e c tio n s , th e  tr ip le -d iffe re n tia l cro ss  s e c tio n s  m e a su re d  in  e a ch  o f  th e  
th r e e  ch a n n e ls  a re  c o m p a re d  to  o n e  a n o th e r . T h e  c o m p a tib ili ty  o f  th e  co m b in e d  d a ta  w ith  
p u b lish e d  A T L A S  D Y  m e a su re m e n ts  m a d e  u sin g  th e  sa m e  2 0 1 2  d a ta s e t  is b rie fly  d iscu ssed . 
M o re o v e r, th e  co m b in e d  tr ip le -d iffe re n tia l c ro ss  s e c t io n  is in te g ra te d  to  p ro d u ce  s in g le - an d  
d o u b le -d iffe re n tia l cro ss  se c t io n s  w h ich  a re  th e n  c o m p a re d  to  th e o r e t ic a l  p re d ic tio n s .
8 .2 .1  Com patibility of the central and high rapidity m easurem ents
T h e  m e a s u re m e n ts  p e rfo rm e d  in  th e  c e n tr a l  e le c tro n  an d  m u o n  ch a n n e ls  a re  co m p a re d  w ith  
th e  h ig h  ra p id ity  a n a ly s is  to  te s t  fo r  c o m p a tib ility . T h e  m e a s u re m e n ts  a re  m a d e  in  tw o 
d iffe re n t fid u c ia l re g io n s an d  th e re fo re  a  co m m o n  fid u c ia l v o lu m e is d efin ed  w ith in  w h ich  th e  
c o m p a riso n  is m ad e . T h is  v o lu m e is ch o se n  to  b e  6 6  <  m u  <  1 5 0  G eV , pT  >  2 0  G eV , an d  
no  re q u ire m e n t is m a d e  on  th e  p se u d o ra p id ity  o f  th e  le p to n . T h e  c o m p a riso n  is p e rfo rm e d  
in  th e  o v er la p p in g  |y^| b in s  o f  th e  c e n tra l  an d  h ig h  ra p id ity  a n a ly se s .
T h e  c o rre sp o n d in g  a c c e p ta n c e  c o r re c t io n s  a re  o b ta in e d  fro m  th e  P o w h e g  s im u la tio n  
fo r  e a ch  in d iv id u a l m e a su re m e n t b in . B in s  w ith  e x tr a p o la t io n  fa c to rs  sm a lle r  th a n  0 .1  a re  
e x c lu d e d  fro m  th is  te s t ,  s in ce  th e y  co rre sp o n d  to  v ery  re s tr ic te d  reg io n s o f  p h a se  sp a ce . 
S u ch  reg io n s a re  s u b je c t  to  la rg e  m o d e llin g  u n c e r ta in t ie s , in  p a r t ic u la r  th e  u n c e r ta in ty  
a s s o c ia te d  w ith  m o d e llin g  th e  Z  b o so n  tra n s v e r s e  m o m e n tu m . In  e a ch  b in , th e  su m  o f 
th e  e x tr a p o la t io n  fa c to rs  fo r  th e  c e n tra l  an d  h ig h  ra p id ity  ch a n n e ls  a re  fo u n d  to  b e  c lo se  
to  8 0 % , in d ic a tin g  th a t  th e  tw o se ts  o f  m e a su re m e n ts  co v er  m o st o f  th e  p h a se  sp a ce  fo r 
6 6  <  m u  <  1 5 0  G eV  an d  pT  >  2 0  G eV . A  seco n d  c a lc u la t io n  o f  th e  e x tr a p o la t io n  fa c to rs  
to  th e  fu ll p h a se  sp a ce  (i .e . p T  >  0 G e V ) h a s  a n  u n c e r ta in ty  o f  1 .5 % . T h is  is a ssu m e d  to  b e














s tro n g ly  a n ti-c o rre la te d  b e tw e e n  th e  fa c to rs  fo r th e  c e n tra l  an d  h ig h  ra p id ity  ch a n n e ls  s in ce  
th e  su m  o f  fa c to rs  is c lo se  to  u n ity . T h e re fo re , a n  a d d itio n a l 1%  a n ti-c o rre la te d  u n c e r ta in ty  
in  th e  e x tr a p o la t io n  fa c to rs  is used .
T h e  u n c e r ta in t ie s  a r is in g  fro m  e le c tro n  e ffic ie n cy  c o r re c t io n s  a re  ta k e n  to  b e  u n co r­
re la te d  b e tw ee n  th e  c e n tra l  an d  h ig h  ra p id ity  e le c tro n  ch a n n e ls  s in ce  th e y  use  d iffe ren t 
id e n tif ic a tio n  c r i te r ia  an d  tr ig g e rs . T h e  m u lt i je t  u n c e r ta in ty  is a lso  ta k e n  to  b e  u n c o rre ­
la te d . T h e  x 2/ d of o f  th e  c o m p a tib ili ty  te s t  is fo u n d  to  b e  3 2 / 3 0  (p -v a lu e  o f  3 7 % ) fo r th e  
e le c tro n  ch a n n e l an d  3 9 / 3 0  (p -v a lu e  o f  1 3 % ) fo r  th e  m u o n  ch a n n e l.
8 .2 .2  Com patibility with published data
T h e  c ro s s -s e c tio n  m e a su re m e n ts  in  th e  c e n tr a l  e le c tro n  an d  m u o n  ch a n n e ls  p a r t ia lly  o v er­
la p  w ith  p u b lish e d  D Y  m e a s u re m e n ts  fro m  A T L A S  u sin g  th e  sa m e  d a ta  se t . T h e y  a re  
d if fe re n tia l m e a su re m e n ts  o f  th e  Z  b o so n  tra n s v e r s e  m o m e n tu m  s p e c tru m  [1 6 ] an d  o f  th e  
h ig h -m a ss  D Y  cro ss  s e c t io n  fo r  m u  >  1 1 6  G eV  [1 7 ] . T h e  c o m p a tib ili ty  o f  th e  d a ta  p re ­
sen ted  h e re  w ith  th e s e  tw o p u b lish e d  m e a su re m e n ts  h as  b e e n  te s te d  in  id e n tic a l fid u cia l 
reg io n s, s e p a ra te ly  fo r  th e  e le c tro n  an d  m u o n  c h a n n e ls . T h e  m e a su re m e n ts  a re  in  good  
a g re e m e n t w ith  e a ch  o th e r .
T h e  re a d e r  is re ferred  to  [1 6 ] w h ere  th e  m o st p re c ise  m e a su re m e n ts  o f  in te g ra te d  an d  
P T -d iffe re n tia l Z  cro ss  s e c tio n s  w ere m a d e  in  th e  fid u c ia l re g io n  pT  >  2 0  G eV  an d  |rf| <  2 .4 .
F o r  c ro ss  s e c tio n s  d if fe re n tia l in  m u  an d  |y^| in  th e  reg io n  m u  >  1 1 6  G e V , see  th e  
re s u lts  p re sen ted  in  re fe re n ce  [1 7 ] . T h e s e  m e a s u re m e n ts  a re  g iv en  in  th e  fid u c ia l reg io n  o f  
pT  >  4 0 ,3 0  G eV  fo r  lea d in g  an d  su b le a d in g  le p to n s , an d  |p^ | <  2 .5 . N o te  th a t  th e  p u b lish ed  
c ro ss  s e c tio n s  in c lu d e  th e  7 7  ^  ^+^-  p ro ce ss .
F o r  cro ss  s e c t io n s  m e a su re d  in  th e  re g io n  m u  <  1 1 6  G eV  an d  d iffe re n tia l in  m u  an d  
|y^|, th e  d a ta  p re sen ted  in  th is  p a p e r  sh ou ld  b e  used .
8 .2 .3  Integrated  cross sections
T h e  co m b in e d  m e a su re m e n ts  a re  in te g ra te d  ov er th e  k in e m a tic  v a r ia b le s  co s  0* an d  y u  in  
o rd e r  to  d e te rm in e  th e  c ro ss  s e c t io n  d a / d m ^ . S im ila rly , th e  in te g ra tio n  is p e rfo rm e d  in  
c o s 0* to  d e te rm in e  th e  cro ss  s e c t io n  d V / d m ^ d | y ^ | . T h e  in te g ra tio n  is f ir s t ly  p e rfo rm e d  
fo r  th e  e le c tro n  an d  m u o n  ch a n n e ls  s e p a ra te ly  to  a llow  a  x 2- te s t  fo r c o m p a tib i li ty  o f  th e  
tw o  ch a n n e ls . T h e  m e a s u re m e n ts  a re  s im p ly  su m m ed  in  th e  e an d  p  ch a n n e ls  fo r  th e  b in s  
in  w h ich  b o th  e le c tro n  an d  m u o n  m e a s u re m e n ts  a re  p re se n t. S ta t i s t ic a l  an d  u n c o rre la te d  
u n c e r ta in t ie s  a re  ad d ed  in  q u a d ra tu re , w h ere a s  c o r re la te d  s y s te m a tic  u n c e r ta in t ie s  a re  
p ro p a g a te d  lin early . T h e  c o m p a tib ili ty  te s ts  re tu rn  x 2/ d of =  1 2 .8 / 7  (p -v a lu e  o f  7 .7 % ) fo r 
th e  o n e -d im e n s io n a l c ro ss  s e c tio n , an d  1 0 3 / 8 4  (p -v a lu e  o f  7 .4 % ) fo r th e  tw o -d im en sio n a l 
c ro ss  s e c tio n .
T h e  in te g ra te d  c ro ss  s e c tio n s  d a / d m ^  an d  d 2 a/dm ^d|y^| a re  d e te rm in e d  fro m  th e  
co m b in e d  B o rn - le v e l  fid u c ia l tr ip le -d iffe re n tia l c ro ss  se c tio n s . T h e  o n e -d im e n s io n a l re su lt 
is sh ow n  in  fig u re  5 . T h e  c o rre sp o n d in g  ta b le  o f  m e a su re m e n ts  is g iv en  in  ta b le  5 lo c a te d  in  
th e  a p p e n d ix . T h e  d a ta  show s th a t  th e  co m b in ed  B o rn - le v e l  fid u c ia l cro ss  s e c t io n  fa lls  by  
th r e e  o rd e rs  o f  m a g n itu d e  in  th e  in v a ria n t m ass  reg io n  fro m  th e  re s o n a n t p e a k  to  2 0 0  G eV . 
T h e  d a ta  h av e an  u n c e r ta in ty  o f  a b o u t  2 % , d o m in a te d  b y  th e  lu m in o s ity  u n c e r ta in ty  o f














F ig u r e  5 . T h e  com bined B orn-level fiducial cross section  d a/ d m ^ . T h e  d ata  are shown as solid 
m arkers and the prediction from Pow heg including NNLO Q C D  and N LO E W  K -fa c to rs  is shown 
as the solid line. T h e  lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error 
bars represent the d ata  sta tis tica l u n certain ty  and th e  solid band shows the to ta l experim ental 
uncertainty. T h e  contribution  to  the un certa in ty  from  the lum inosity m easurem ent is excluded. 
T h e  hatched  band represents the s ta tis tica l and P D F  un certain ties in the prediction.
1 .9 % , w h ile  u n c e r ta in t ie s  fro m  th e  e x p e r im e n ta l  s y s te m a tic  so u rce s  c a n  b e  as low  as 0 .5 %  
fo r  th e  p e a k  re g io n . T h e  s ta t i s t ic a l  p re c is io n  is 0 .5 %  o r b e t te r ,  ev en  fo r  th e  h ig h e s t in ­
v a r ia n t m a ss  b in . T h e  fid u c ia l m e a su re m e n ts  a re  w ell p re d ic te d  b y  th e  N L O  Q C D  an d  
p a r to n  sh ow er s im u la tio n  fro m  P o w h e g  p a r t ia l ly  c o r re c te d  fo r N N L O  Q C D  an d  N L O  E W  
e ffe c ts , an d  s c a tte r in g  a m p litu d e  c o e ffic ie n ts  as d e scr ib e d  in  s e c t io n  3 . T h e  u n c e r ta in t ie s  
in  th e  p re d ic tio n s  in c lu d e  th o s e  a r is in g  fro m  th e  sa m p le  size an d  th e  P D F  v a r ia tio n s . N o 
r e n o rm a liz a tio n , fa c to r is a t io n  an d  m a tc h in g  s c a le  v a r ia tio n  u n c e r ta in t ie s  a re  in c lu d ed  a l­
th o u g h  th e y  c a n  b e  s iz e a b le  —  as la rg e  as 5 %  fo r N L O  p re d ic t io n s . E x c e p t  in  th e  low est 
m a ss  b in , th e  p re d ic tio n s  u n d e re s tim a te  th e  c ro ss  s e c t io n  b y  a b o u t  1 - 2 %  (sm a lle r  th a n  th e  
lu m in o s ity  u n c e r ta in ty ) , as  seen  in  th e  low er p a n e l o f  th e  fig u re  w h ich  show s th e  r a t io  o f 
p re d ic t io n  to  th e  m e a su re m e n t.
T h e  tw o -d im e n sio n a l B o rn -le v e l fid u c ia l c ro ss  s e c tio n , d 2 a / d m «d | y «| , is i llu s tra te d  
in  fig u re  6  an d  lis te d  in  ta b le  6  o f  th e  a p p e n d ix . In  e a ch  m e a su re d  in v a ria n t m a ss  b in , 
th e  sh a p e  o f  th e  ra p id ity  d is tr ib u tio n  show s a  p la te a u  a t  sm a ll |y^| lea d in g  to  a  b ro a d  
sh o u ld e r fo llow ed  b y  a  cro ss  s e c t io n  fa llin g  to  zero  a t  th e  h ig h e s t a cc e ss ib le  |y^|. T h e  
w id th  o f  th e  p la te a u  n arro w s w ith  in cre a s in g  m ^ . In  th e  tw o  h ig h -p re c is io n  Z -p e a k  m ass 
b in s , th e  m e a su re d  c ro s s -s e c tio n  v a lu es  h av e a  to ta l  u n c e r ta in ty  (e x c lu d in g  th e  co m m o n  
lu m in o s ity  u n c e r ta in ty )  o f  0 .4 %  fo r  |y^| <  1 r is in g  to  0 .7 %  a t  |y^| =  2 .4 . A t h ig h  in ­
v a r ia n t m a ss , th e  s ta t i s t ic a l  an d  e x p e r im e n ta l u n c e r ta in ty  c o m p o n e n ts  c o n tr ib u te  e q u a lly














F ig u r e  6 . T h e  com bined B orn-level fiducial cross section d 2a/dm££d|y£^| in th e  seven invariant 
m ass bins o f the central m easurem ents. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. T h e  lower panel 
shows the ra tio  o f prediction to  m easurem ent. T h e  inner error bars represent th e  d ata  sta tis tica l 
un certa in ty  and the solid band shows the to ta l experim ental uncertainty. T h e  contribu tion  to  
the u n certain ty  from th e  lum inosity m easurem ent is excluded. T h e  hatched  band represents the 
sta tis tica l and P D F  uncertainties in the prediction.
to  th e  to ta l  m e a su re m e n t p re c is io n  in  th e  p la te a u  reg io n , in cre a s in g  fro m  0 .5 %  to  1 .8 % . 
T h e  th e o r e t ic a l  p re d ic tio n s  r e p lic a te  th e  fe a tu re s  in  th e  d a ta  w ell. T h e  low er p a n e l o f 
e a ch  fig u re  show s th e  r a t io  o f  th e  p re d ic t io n  to  th e  m e a s u re m e n t. H e re , in  a d d itio n  to  
o v era ll r a te  d iffe ren ce  a lre a d y  o b serv e d  in  th e  o n e -d im e n s io n a l d is tr ib u tio n , a  sm a ll te n ­
d e n cy  o f  th e  d a ta  to  e x ce e d  th e  p re d ic tio n s  a t  th e  h ig h e s t |y^| c a n  b e  see n  in  so m e o f  th e  
m a ss  b in s .














8.3  Triple-differential cross sections
T h e  co m b in e d  tr ip le -d iffe re n tia l B o rn -le v e l cro ss  s e c t io n  is sh ow n  in  fig u res 7- 1 0 . F o r  e a ch  
in v a r ia n t m ass  b in , th e  d a ta  a re  p re se n te d  as a  fu n c tio n  o f  |y^|, w ith  e a ch  o f  th e  s ix  co s  9* 
reg io n s o v erla id  in  th e  m a in  p a n e l o f  th e  fig u res. T h e  low er p a n e ls  show  in  m o re  d e ta il  th e  
r a t io  o f  th e  p re d ic t io n  to  th e  d a ta  fo r e a ch  co s  9 * b in  in  tu rn . T h e  s ta t i s t ic a l  an d  to ta l ,  
e x c lu d in g  th e  c o n tr ib u t io n  fro m  th e  lu m in o sity , u n c e r ta in t ie s  in  th e  d a ta  a re  sh ow n  in  th e  
r a t io  p a n e ls .
T h e  a c c e ss ib le  ra n g e  o f  th e  |y^| d is tr ib u tio n  is la rg e s t fo r th e  reg io n  c lo se  to  co s  9* ~  0, 
an d  s m a lle s t a t  th e  e x tre m e s  o f  co s  9 * .  In  th e  low est in v a r ia n t m a ss  b in , th e  c ro ss -s e c tio n  
m e a s u re m e n ts  in  co s  9* b in s  w ith  th e  sa m e  a b so lu te  v a lu e , e .g . b in s  - 1 . 0  <  co s  9 * <  - 0 . 7  
an d  + 0 .7  <  co s  9 *  <  + 1 .0 ,  a re  c o n s is te n t w ith  e a ch  o th e r  a t  low  |y^| ~  0 , b u t e x h ib it  an  
a s y m m e try  w h ich  in cre a se s  w ith  |y^|. A t la rg e  |y^|, th e  cro ss  se c t io n s  fo r co s  9* <  0  a re  
up  to  3 5 %  la rg e r  th a n  th e  co rre sp o n d in g  m e a su re m e n ts  a t  co s  9* >  0 . In  th e  6 6  <  m u  <  
8 0  G e V  b in , a ll cro ss  se c t io n s  a re  la rg er , fo r  la rg e  | co s  9 * | in  p a r t ic u la r , d u e to  red u ced  
in flu e n ce  o f  th e  fid u c ia l se le c tio n  on  p p .
T h e  n e x t  tw o in v a ria n t m ass  b in s  show  th e  p e a k  o f  th e  c ro ss  s e c t io n  w h ere  th e  a sy m ­
m e try  is s m a lle s t . In  fa c t ,  fo r  8 0  <  m u  <  91  G eV  th e  d iffe ren ce  b e tw e e n  co s  9* >  0 an d  
co s  9 * <  0 is c lo se  to  zero . T h e  d r a m a tic  im p ro v e m en t in  th e  o v era ll p re c is io n  o f  th e  m e a ­
su re m e n ts  in  th is  reg io n  is a lso  a p p a re n t . F o r  th e  91  <  m u  <  102  G eV  reg io n , th e  sm all 
a s y m m e try  is o b serv e d  to  ch a n g e  s ig n , y ie ld in g  la rg e r  c ro ss  s e c tio n s  fo r  th e  co s  9 * <  0 p a rt 
o f  th e  p h a se  sp a ce . T h is  b e h a v io u r  is e x p e c te d  fro m  th e  in te rfe re n c e  e ffe c ts  b e tw e e n  th e  Z  
an d  y * c o n tr ib u t io n s  to  th e  s c a t te r in g  a m p litu d e s . F o r  b in s  o f  h ig h e r  in v a ria n t m ass  th e  
a s y m m e try  in cre a se s  a lb e it  w ith  la rg e r  u n c e r ta in t ie s  d u e  to  th e  lim ite d  s ta t is t ic a l  p re c is io n  
o f  th e  d a ta . T h e  co m b in ed  m e a su re m e n t is lis te d  in  ta b le  7 w ith  its  u n c e r ta in t ie s .
T h e  p re d ic tio n s  d e s c r ib e  th e  d a ta  v ery  w ell, as  c a n  b e  seen  fro m  th e  r a t io  p a n e ls , a p a r t  
fro m  so m e b in s  a t  la rg e  |y^| an d  | co s  9*|. T h e s e  b in s  co rre sp o n d  to  ed g es o f  th e  fid u c ia l 
a c c e p ta n c e  an d  m a y  b e  a ffe c te d  b y  th e  p T ,u  m o d e llin g  u n c e r ta in t ie s  w h ich  a re  n o t show n 
fo r  th e  p re d ic tio n s .
In  fig u res 11- 15 th e  m e a su re d  tr ip le  d if fe re n tia l B o rn - le v e l  cro ss  s e c t io n  fo r th e  h igh  
ra p id ity  e le c tro n  c h a n n e l a n a ly s is  is p re sen ted  as a  fu n c tio n  o f  co s  9 * . In  th is  c h a n n e l th e  
reg io n  o f  sm a ll | co s  9* | is e x p e r im e n ta lly  a c c e ss ib le  o n ly  fo r m o d e ra te  v a lu es o f  ra p id ity ,
i.e . |y^| ~  2 .0 - 2 .8 .  N e v e rth e le ss  th e  sa m e  fe a tu re s  o f  th e  c ro ss  s e c t io n  a re  o b serv e d : th e  
c ro ss  s e c tio n s  a re  la rg e s t fo r  th e  reg io n  m u  ~  m Z ; a n  a s y m m e try  in  th e  co s  9 * s p e c tru m  
is o b serv e d  w ith  la rg e r  c ro ss  s e c t io n s  a t  n e g a tiv e  co s  9* fo r  m u  <  m Z , an d  la rg e r  cro ss  
se c t io n s  a t  p o sitiv e  co s  9* fo r m u  >  m Z ; th e  m a g n itu d e  o f  th e  a s y m m e try  is s m a lle s t fo r 
8 0  <  m u  <  91  G eV  an d  in cre a se s  w ith  m u .  T h e  tr ip le -d iffe re n tia l m e a su re m e n t is lis te d  
in  ta b le  8  w ith  its  u n c e r ta in t ie s .














Figure 7 . T h e  com bined B orn-level fiducial cross sections d3a . T h e  kinem atic region shown is 
labelled  in each plot. T h e  d ata  are shown as solid (cos 0* <  0) and open (cos 0* >  0) m arkers 
and the prediction from  Pow heg including N N LO  Q C D  and N LO  E W  K -fa c to rs  is shown as the 
solid line. T h e  difference, Act, betw een the predicted cross sections in the two m easurem ent bins 
a t equal | cos 0*| sym m etric around cos 0* =  0 is represented by the hatched  shading. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  to  the u n certain ty  from the lum inosity m easurem ent is excluded. T h e  crosshatched 
band represents the s ta tis tica l and P D F  un certain ties in th e  prediction.














Figure 8. T h e  com bined B orn-level fiducial cross sections d3a . T h e  kinem atic region shown is 
labelled  in each plot. T h e  d ata  are shown as solid (cos 9* <  0) and open (cos 9* >  0) m arkers 
and the prediction from  Pow heg including NN LO Q C D  and N LO E W  K -fa c to rs  is shown as the 
solid line. T h e  difference, Act, betw een the predicted cross sections in the two m easurem ent bins 
a t equal | cos 9*| sym m etric around cos 9* =  0 is represented by the hatched  shading. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  to  the u n certain ty  from the lum inosity m easurem ent is excluded. T h e  crosshatched 
band represents the s ta tis tica l and P D F  un certain ties in th e  prediction.














Figure 9 . T h e  com bined B orn-level fiducial cross sections d a . T h e  kinem atic region shown is 
labelled  in each plot. T h e  d ata  are shown as solid (cos 0* <  0) and open (cos 0* >  0) m arkers 
and the prediction from  Pow heg including NNLO Q C D  and N LO E W  K -fa c to rs  is shown as the 
solid line. T h e  difference, A a , betw een the predicted cross sections in the two m easurem ent bins 
a t equal | cos 0*| sym m etric around cos 0* =  0 is represented by the hatched  shading. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  to  the u n certain ty  from the lum inosity m easurem ent is excluded. T h e  crosshatched 
band represents the s ta tis tica l and P D F  un certain ties in th e  prediction.














F ig u r e  10 . T h e  com bined B orn-level fiducial cross sections d3a.  T h e  kinem atic region shown is 
labelled  in each plot. T h e  d ata  are shown as solid (cos 0* <  0) and open (cos 0* >  0) m arkers 
and the prediction from  Pow heg including NN LO Q C D  and N LO E W  K -fa c to rs  is shown as the 
solid line. T h e  difference, A a , betw een the predicted cross sections in the two m easurem ent bins 
a t equal | cos 0*| sym m etric around cos 0* =  0 is represented by the hatched  shading. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  to  the u n certain ty  from the lum inosity m easurem ent is excluded. T h e  crosshatched 
band represents the s ta tis tica l and P D F  un certain ties in th e  prediction.














Figure 11 . T h e  high rapid ity  electron channel B orn-level fiducial cross section  d 3<r. T h e  kinem atic 
region shown is labelled  in each plot. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  from  the u n certain ty  o f the lum inosity m easurem ent is excluded. T h e  hatched  band 
represents the s ta tis tica l and P D F  uncertainties in the prediction.














Figure 12 . T h e  high rapid ity  electron channel B orn-level fiducial cross section  d 3a . T h e  kinem atic 
region shown is labelled  in each plot. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  from  the u n certain ty  o f the lum inosity m easurem ent is excluded. T h e  hatched  band 
represents the s ta tis tica l and P D F  uncertainties in the prediction.














Figure 13 . T h e  high rapid ity  electron channel B orn-level fiducial cross section  d 3<r. T h e  kinem atic 
region shown is labelled  in each plot. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  from  the u n certain ty  o f the lum inosity m easurem ent is excluded. T h e  hatched  band 
represents the s ta tis tica l and P D F  uncertainties in the prediction.














Figure 14 . T h e  high rapid ity  electron channel B orn-level fiducial cross section  d 3a . T h e  kinem atic 
region shown is labelled  in each plot. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  from  the u n certain ty  o f the lum inosity m easurem ent is excluded. T h e  hatched  band 
represents the s ta tis tica l and P D F  uncertainties in the prediction.














Figure 15 . T h e  high rapid ity  electron channel B orn-level fiducial cross section  d 3a . T h e  kinem atic 
region shown is labelled  in each plot. T h e  d ata  are shown as solid m arkers and the prediction from 
Pow heg including NNLO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line. In  each plot, 
the lower panel shows the ratio  o f prediction to  m easurem ent. T h e  inner error bars represent the 
sta tis tica l u n certain ty  of th e  d ata  and the solid band shows the to ta l experim ental uncertainty. T he 
contribu tion  from  the u n certain ty  o f the lum inosity m easurem ent is excluded. T h e  hatched  band 
represents the s ta tis tica l and P D F  uncertainties in the prediction.














8.4  Forw ard-backw ard asym m etry
T h e  e ffe c t o f  p a r ity  v io la tio n  in  Z  b o so n  d eca y s  is m o re  c le a r ly  v is ib le  in  th e  fo rw ard - 
b a ck w a rd  a sy m m e try , A F B , d eriv ed  fro m  th e  c ro s s -s e c tio n  m e a s u re m e n ts  o f  d 3a .  T h e  
co m b in e d  B o rn - le v e l  c ro ss  s e c tio n s  a re  u sed  to  d e te rm in e  A FB in  th e  reg io n  0 <  \yu\ <  2 .4  
b y  su m m in g  th e  m e a su re m e n t b in s  fo r  co s  0 * >  0  an d  fo r co s  0 * <  0  an d  c a lc u la t in g  th e  
a s y m m e try  a c c o rd in g  to  e q u a tio n  ( 1 .3 ) .
T h e  u n c o rre la te d  u n c e r ta in ty  in  A FB is d e te rm in e d  u sin g  s ta n d a rd  e rro r  p ro p a g a tio n . 
T h e  c o rre la te d  u n c e r ta in ty  is d e te rm in e d  fo r  e a ch  so u rce  in  tu r n  b y  c o h e re n tly  s h iftin g  
d 3a  b y  th e  a s s o c ia te d  c o r re la te d  u n c e r ta in ty  an d  c a lc u la t in g  th e  d iffe ren ce  to  th e  n o m in a l 
v a lu e  o f  A f b . F in a lly , th e  to ta l  u n c e r ta in ty  in  A FB is ta k e n  as th e  su m  in  q u a d ra tu re  o f  
th e  c o r re la te d  an d  u n c o rre la te d  c o m p o n e n ts . T h e  u n c e r ta in t ie s  in  A f b  a re  s ig n ific a n tly  
re d u ce d , e sp e c ia lly  th e  c o r re la te d  u n c e r ta in t ie s  su ch  as th e  e le c tro n  e n e rg y  s c a le  an d  re so ­
lu tio n . T h e  to ta l  u n c e r ta in ty  is d o m in a te d  b y  th e  d a ta  s ta t i s t ic a l  u n c e r ta in ty  ev ery w h ere . 
A n  e x p e r im e n ta l u n c e r ta in ty  o f  1 x  1 0 - 3  is re a ch e d  fo r  th e  co m b in e d  m e a s u re m e n t, an d  
4 x  1 0 - 3  fo r  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l m e a s u re m e n t. In  th e  h ig h -p re c is io n  reg io n  
o f  8 0  <  m u  <  1 0 2  G eV  th e  la rg e s t s y s te m a tic  u n c e r ta in ty  c o n tr ib u t io n s  a re  fro m  th e  M C  
sa m p le  size  (w h ich  a re  a  fa c to r  tw o sm a lle r  th a n  th e  d a ta  s ta t i s t ic a l  u n c e r ta in ty )  an d  th e  
le p to n  sca le  c o n tr ib u t io n s , w h ich  a re  a n  o rd e r  o f  m a g n itu d e  sm a lle r . A t low  m u  th e  u n co r­
re la te d  an d  s ta t i s t ic a l  c o n tr ib u t io n s  fro m  th e  b a ck g ro u n d  so u rce s  a re  a lso  o f  co m p a ra b le  
size . S u m m a ry  ta b le s  o f  th e s e  m e a s u re m e n ts  a re  g iv en  in  ta b le s  9 an d  10  in  th e  a p p e n d ix .
T h e  m e a su re m e n ts  o f  A f b  a re  sh ow n  in  fig u re  16  fo r  th e  co m b in e d  d a ta . T h e  d a ta  a re  
c o m p a re d  to  a  B o rn - le v e l  p re d ic t io n  fro m  P o w h e g  in c lu d in g  K - fa c to r s  fo r N N L O  Q C D  and  
N L O  E W  c o r re c t io n s . T h e  v a lu e  o f  s in 2 0 1e(ffpt used  in  th e  s im u la tio n  is 0 .2 3 1 1 3  [7 6 ] . T h e  
m e a su re d  a s y m m e try  is fo u n d  to  g e n e ra lly  in c re a se  w ith  m u  fro m  a  n e g a tiv e  to  a  p o sitiv e  
a s y m m e try  w h ich  is c lo se  to  zero  n e a r  m u  =  m Z . T h e  m a g n itu d e  o f  A FB is s m a lle s t fo r 
\yu\ =  0  an d  in cre a se s  to  a  m a x im u m  in  th e  reg io n  1 .0  <  \yu\ <  2 .0 , b e fo re  d e cre a s in g  a t  
la rg e r  ra p id ity . T h is  is e x p e c te d  fro m  th e  e ffe c t o f  d ilu tio n  an d  th e  u n k n o w n  d ir e c tio n  o f 
th e  in c id e n t q o n  a n  e v e n t-b y -e v e n t b a s is . A t la rg e r  \yu\, an d  h e n ce  la rg e r  x ,  th e  in flu e n ce  
o f  th e  h ig h e r -m o m e n tu m  v a le n ce  u - an d  d -q u a rk s  b e co m e s  in cre a s in g ly  a p p a re n t th ro u g h  
th e  lo n g itu d in a l b o o s t  in  th e  v a le n ce  d ir e c tio n . T h is  allow s a  c o r re c t  d e te rm in a t io n  o f  th e  
q d ir e c tio n  to  b e  m ad e  o n  a v erag e  an d  is w ell m o d elled  b y  th e  P o w h e g  p re d ic tio n . A t even  
la rg e r  \yu\ in  th e  co m b in e d  m e a su re m e n ts  th e  m a x im u m  o f  \AF B \ d e cre a se s  a g a in  d u e to  
th e  lim ite d  a c c e p ta n c e  o f  th e  d e te c to r  in  n e’G
T h e  m e a su re m e n ts  o f  A f b  in  th e  h ig h  ra p id ity  e le c tro n  c h a n n e l a n a ly s is , w h ich  is e x ­
p e c te d  to  b e  m o re  s e n s itiv e  to  th e  a sy m m e try , a re  p re sen ted  in  fig u re  1 7 . Q u a lita tiv e ly , th e  
a s y m m e try  show s b e h a v io u r  s im ila r  to  t h a t  seen  in  th e  co m b in e d  m e a su re m e n t: th e  a sy m ­
m e try  in cre a se s  w ith  m ee an d  v a lu es o f  \AF B \ re a ch in g  0 .7  a re  o b serv e d  a t  th e  h ig h e s t \yee\ 
w h ere  th e  in flu e n ce  o f  d ilu tio n  is sm a lle s t. A s w as th e  c a s e  in  th e  co m b in e d  m e a su re m e n t, 
th e  h ig h  ra p id ity  A FB m e a su re m e n t is w e ll-d e scrib e d  b y  th e  P o w h e g  p re d ic tio n .














Figure 16 . Forw ard-backw ard asym m etry, A Fb , determ ined from  the com bined B orn-level fiducial 
cross section. T h e  kinem atic region shown is labelled  in each plot. T h e  d ata  are shown as solid 
m arkers and the error bars represent the to ta l experim ental uncertainty. T h e  prediction from 
Pow heg including N N LO  Q C D  and N LO  E W  K -fa c to rs  is shown as th e  solid line and the hatched 
band represents the s ta tis tica l and P D F  un certain ties in th e  prediction.














F ig u r e  17 . Forw ard-backw ard asym m etry, A FB , determ ined from th e  high rap id ity  electron B orn- 
level fiducial cross section. T h e  kinem atic region shown is labelled  in each plot. T h e  d ata  are shown 
as solid m arkers and the error bars represent th e  to ta l experim ental uncertainty. T h e  prediction 
from  Pow heg including NN LO Q C D  and N LO  E W  K -fa c to rs  is shown as the solid line and the 
hatched  band represents the s ta tis tica l and P D F  uncertainties in the prediction.















T h e  tr ip le -d iffe re n tia l D re ll-Y a n  p ro d u c tio n  cro ss  s e c t io n  d 3 a / d m ^ d  \yu\d c o s  0 * is m e a ­
su red  in  th e  ra n g e  4 6  <  m u  <  2 0 0  G eV  an d  \ yu\ <  2 .4  fo r  e le c tro n  an d  m u on  p a irs . T h e  
m e a s u re m e n ts  a re  e x te n d e d  to  h ig h  ra p id ity  in  th e  e le c tro n  ch a n n e l up  to  \ y ee \ =  3 .6  in  
th e  m a ss  ra n g e  6 6  <  m u  <  15 0  G eV . T h e  a n a ly s is  u ses 2 0 .2  fb - 1  o f  pp co llis io n  d a ta  a t  
/ s  =  8  T e V  co lle c te d  in  2 0 1 2  b y  th e  A T L A S  d e te c to r  a t  th e  L H C . T h e  c e n tra l  ra p id ­
ity  m e a su re m e n t ch a n n e ls  a re  co m b in e d  ta k in g  in to  a c c o u n t th e  s y s te m a tic  u n c e r ta in ty  
c o r re la tio n s . T h e ir  c o m b in a tio n  ach iev es  a n  e x p e r im e n ta l  p re c is io n  o f  b e t t e r  th a n  0 .5 % , 
e x c lu d in g  th e  o v era ll u n c e r ta in ty  in  th e  lu m in o s ity  m e a su re m e n t o f  1 .9 % .
T h e  co m b in e d  cro ss  se c t io n s  a re  in te g ra te d  to  p ro d u ce  th e  s in g le - an d  d o u ­
b le -d if fe re n tia l c ro ss  s e c tio n s  d a / d m u  an d  d V / d m ^ d  \y u \. T h e  fid u c ia l c ro ss  s e c tio n s  
a re  c o m p a re d  to  a  th e o r e t ic a l  p re d ic t io n  c a lc u la te d  u sin g  P o w h e g  a t  N L O  w ith  m a tch e d  
le a d in g -lo g a r ith m  p a r to n  sh ow ers. T h e  c a lc u la t io n  is a p p ro x im a te ly  c o rre c te d  fo r  N N L O  
Q C D  e ffe c ts  an d  fo r a d d itio n a l h ig h e r-o rd e r  e le c tro w e a k  e ffe c ts  a p p lied  as a  fu n c tio n  o f  
m u .  T h e  s in g le - an d  d o u b le -d iffe re n tia l m e a su re m e n ts  a re  w ell d e s cr ib e d  b y  th e  p re d ic ­
t io n . H av in g  a p p lied  c o r re c t io n s  to  th e  s c a t te r in g  a m p litu d e  c o e ffic ie n ts  in  P o w h e g  th e  
p re d ic t io n  a lso  p ro v id es a  g o o d  d e s c r ip tio n  o f  th e  tr ip le -d iffe re n tia l m e a su re m e n ts .
T h e  m e asu re d  c ro ss  s e c tio n s  a re  used  to  d e te rm in e  th e  fo rw a rd -b a ck w a rd  a s y m m e ­
t r y  A f b  as a  fu n c tio n  o f  d ile p to n  in v a ria n t m ass  an d  ra p id ity . T h e  P o w h e g  p re d ic tio n s  
e n h a n ce d  w ith  N N L O  Q C D  an d  N L O  E W  K - fa c to r s  d e s c r ib e  th e  o b serv e d  b e h a v io u r  o f 
A f b  w ell.
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A D ata tables
S u m m a ry  ta b le s  o f  d V / d m ^ d | y « | d c o s 0* c ro ss  s e c tio n s  an d  A FB a re  g iv en  in  th is  a p ­
p e n d ix . T a b le s  c o n ta in in g  th e  c o m p le te  b rea k d o w n  o f s y s te m a tic  u n c e r ta in t ie s  a re  av a ila b le  
in  H E P D a t a  [7 1 , 7 2 ] .
A .1 Integrated  cross-section tables
m u
[G eV ]
d a / d m «












4 6 , 6 6 7 .6 1  x  1 0 - 1 0 .2 0 . 1 0 .9 0 .9
6 6 , 80 1 .1 3 0 . 1 0 . 1 0 .4 0 .4
8 0 , 91 2 1 .4 0 .0 0 .0 0 .2 0 .2
9 1 ,1 0 2 2 5 .0 0 .0 0 .0 0 .2 0 .2
1 0 2 ,1 1 6 8 .2 5  x  1 0 - 1 0 .2 0 . 1 0 .4 0 .4
1 1 6 ,1 5 0 1 .6 4  x  1 0 - 1 0 .3 0 . 1 0 .7 0 .7
1 5 0 ,2 0 0 3 .6 6  x  1 0 - 2 0 .5 0 .2 1 .3 1 .4
T a b le  5 . T h e  com bined B orn-level single-differential cross section  d a/ d m ^ . T h e  m easurem ents 
are listed together w ith the s ta tis tica l (5stat), uncorrelated  system atic  (^Unc), correlated  system atic 
C^cor*), and to ta l (£total) uncertainties. T h e  lum inosity u n certain ty  o f 1.9%  is not shown and not 
included in th e  overall system atic  and to ta l uncertainties.














m u v u d 2 a / d m ^ d |y ^ | ^sta t xsy stunc xsy stcor ^ tota l m ee v u d 2 a / d m ^ d |y ^ | ^stat xsy stunc xsystcor ^ to ta l
[G eV ] [p b / G e V ] [%] [%] [%] [%] [G eV ] [p b / G e V ] [%] [%] [%] [%]
46 6 6 0 0 0 2 1 85 X 1 0 - 0 6 0 4 1 0 1 2 46 66 1 2 1 4 1 86 X 1 0 - i 0 6 0 4 0 9 1 . 1
46 6 6 0 2 0 4 1 8 7 X 1 0 - 0 6 0 5 1 0 1 2 46 66 1 4 1 6 1 82 X 1 0 - i 0 6 0 4 0 9 1 . 1
46 6 6 0 4 0 6 1 86 X 1 0 - 0 6 0 4 0 9 1 2 46 66 1 6 1 8 1 66 X 1 0 - i 0 6 0 5 0 9 1 . 2
46 6 6 0 6 0 8 1 8 7 X 1 0 - 0 6 0 4 0 9 1 2 46 66 1 8 2 0 1 35 X 1 0 - i 0 7 0 5 0 8 1 . 2
46 6 6 0 8 1 0 1 86 X 1 0 - 0 6 0 4 0 9 1 2 46 66 2 0 2 2 8 60 X 1 0 - 2 0 8 0 6 0 8 1 . 3
46 6 6 1 0 1 2 1 88 X 1 0 - 0 6 0 4 0 9 1 1 46 66 2 2 2 4 2 93 X 1 0 - 2 1 4 1 1 0 9 2 . 0
66 8 0 0 0 0 2 3 05 X 1 0 - 0 4 0 2 0 4 0 6 66 80 1 2 1 4 2 82 X 1 0 - i 0 4 0 2 0 4 0 . 6
66 8 0 0 2 0 4 3 02 X 1 0 - 0 4 0 2 0 4 0 6 66 80 1 4 1 6 2 5 4 X 1 0 - i 0 5 0 3 0 4 0 . 6
66 8 0 0 4 0 6 3 02 X 1 0 - 0 4 0 2 0 4 0 6 66 80 1 6 1 8 2 08 X 1 0 - i 0 5 0 3 0 4 0 . 7
66 8 0 0 6 0 8 3 01 X 1 0 - 0 4 0 2 0 4 0 6 66 80 1 8 2 0 1 5 4 X 1 0 - i 0 6 0 3 0 5 0 . 8
66 8 0 0 8 1 0 2 95 X 1 0 - 0 4 0 2 0 4 0 6 66 80 2 0 2 2 9 2 7 X 1 0 - 2 0 7 0 4 0 6 1 . 0
66 8 0 1 0 1 2 2 93 X 1 0 - 0 4 0 2 0 4 0 6 66 80 2 2 2 4 3 05 X 1 0 - 2 1 2 0 7 0 9 1 . 7
80 91 0 0 0 2 6 00 0 1 0 0 0 2 0 2 80 91 1 2 1 4 5 19 0 1 0 1 0 2 0 . 3
80 91 0 2 0 4 6 00 0 1 0 0 0 2 0 2 80 91 1 4 1 6 4 51 0 1 0 1 0 2 0 . 3
80 91 0 4 0 6 5 9 7 0 1 0 1 0 2 0 2 80 91 1 6 1 8 3 66 0 1 0 1 0 3 0 . 3
80 91 0 6 0 8 5 93 0 1 0 0 0 2 0 3 80 91 1 8 2 0 2 6 7 0 1 0 1 0 3 0 . 3
80 91 0 8 1 0 5 8 7 0 1 0 1 0 2 0 3 80 91 2 0 2 2 1 60 0 2 0 1 0 3 0 . 4
80 91 1 0 1 2 5 66 0 1 0 1 0 2 0 3 80 91 2 2 2 4 5 20 X 1 0 - i 0 3 0 2 0 4 0 . 5
91 1 0 2 0 0 0 2 7 08 0 1 0 1 0 2 0 2 91 10 2 1 2 1 4 6 02 0 1 0 0 0 2 0 . 3
91 1 0 2 0 2 0 4 7 0 4 0 1 0 1 0 2 0 2 91 10 2 1 4 1 6 5 21 0 1 0 1 0 2 0 . 3
91 1 0 2 0 4 0 6 7 01 0 1 0 1 0 2 0 2 91 10 2 1 6 1 8 4 23 0 1 0 1 0 3 0 . 3
91 1 0 2 0 6 0 8 6 98 0 1 0 0 0 2 0 2 91 10 2 1 8 2 0 3 0 7 0 2 0 1 0 3 0 . 3
91 1 0 2 0 8 1 0 6 90 0 1 0 0 0 2 0 2 91 10 2 2 0 2 2 1 83 0 2 0 1 0 3 0 . 4
91 1 0 2 1 0 1 2 6 60 0 1 0 1 0 2 0 3 91 10 2 2 2 2 4 5 96 X 1 0 - i 0 3 0 2 0 4 0 . 5
1 0 2 1 1 6 0 0 0 2 2 38 X 1 0 - i 0 5 0 2 0 3 0 7 10 2 11 6 1 2 1 4 1 96 X 1 0 - i 0 5 0 3 0 5 0 . 7
1 0 2 1 1 6 0 2 0 4 2 39 X 1 0 - i 0 5 0 2 0 4 0 7 10 2 11 6 1 4 1 6 1 66 X 1 0 - i 0 5 0 3 0 5 0 . 8
1 0 2 1 1 6 0 4 0 6 2 35 X 1 0 - i 0 5 0 2 0 4 0 7 10 2 11 6 1 6 1 8 1 35 X 1 0 - i 0 6 0 4 0 7 1 . 0
1 0 2 1 1 6 0 6 0 8 2 33 X 1 0 - i 0 5 0 3 0 4 0 7 10 2 11 6 1 8 2 0 9 8 4 X 1 0 - 2 0 6 0 4 0 8 1 . 1
1 0 2 1 1 6 0 8 1 0 2 29 X 1 0 - i 0 5 0 3 0 4 0 7 10 2 11 6 2 0 2 2 5 76 X 1 0 - 2 0 7 0 5 1 0 1 . 3
1 0 2 1 1 6 1 0 1 2 2 16 X 1 0 - i 0 5 0 3 0 4 0 7 10 2 11 6 2 2 2 4 1 85 X 1 0 - 2 1 0 0 9 1 3 1 . 9
1 1 6 1 5 0 0 0 0 2 4 8 4 X 1 0 - 2 0 8 0 3 0 8 1 2 11 6 15 0 1 2 1 4 3 00 X 1 0 - 2 0 9 0 4 0 6 1 . 1
1 1 6 1 5 0 0 2 0 4 4 79 X 1 0 - 2 0 8 0 3 0 8 1 2 11 6 15 0 1 4 1 6 3 23 X 1 0 - 2 0 9 0 4 0 5 1 . 1
1 1 6 1 5 0 0 4 0 6 4 7 4 X 1 0 - 2 0 8 0 3 0 8 1 2 11 6 15 0 1 6 1 8 2 66 X 1 0 - 2 1 0 0 5 0 5 1 .2
1 1 6 1 5 0 0 6 0 8 4 7 7 X 1 0 - 2 0 8 0 3 0 8 1 2 11 6 15 0 1 8 2 0 1 93 X 1 0 - 2 1 2 0 7 0 6 1 .5
1 1 6 1 5 0 0 8 1 0 4 5 4 X 1 0 - 2 0 8 0 3 0 7 1 1 11 6 15 0 2 0 2 2 1 14 X 1 0 - 2 1 4 0 7 0 7 1 . 7
1 1 6 1 5 0 1 0 1 2 4 23 X 1 0 - 2 0 8 0 4 0 6 1 1 11 6 15 0 2 2 2 4 3 48 X 1 0 - 3 2 6 1 7 1 2 3 . 3
1 5 0 2 0 0 0 0 0 2 1 11 X 1 0 - 2 1 6 0 6 1 8 2 4 15 0 2 0 0 1 2 1 4 8 56 X 1 0 - 3 1 6 0 6 1 0 2 . 0
1 5 0 2 0 0 0 2 0 4 1 10 X 1 0 - 2 1 5 0 7 1 8 2 4 15 0 2 0 0 1 4 1 6 7 12 X 1 0 - 3 1 8 0 9 0 9 2 . 2
1 5 0 2 0 0 0 4 0 6 1 08 X 1 0 - 2 1 5 0 6 1 7 2 3 15 0 2 0 0 1 6 1 8 5 72 X 1 0 - 3 1 9 0 7 0 8 2 . 2
1 5 0 2 0 0 0 6 0 8 1 0 7 X 1 0 - 2 1 5 0 5 1 5 2 2 15 0 2 0 0 1 8 2 0 4 06 X 1 0 - 3 2 2 0 7 0 7 2 . 4
1 5 0 2 0 0 0 8 1 0 9 98 X 1 0 - 3 1 6 0 5 1 3 2 1 15 0 2 0 0 2 0 2 2 2 46 X 1 0 - 3 2 8 1 0 0 7 3 . 0
1 5 0 2 0 0 1 0 1 2 9 22 X 1 0 - 3 1 6 0 6 1 2 2 1 15 0 2 0 0 2 2 2 4 8 20 X 1 0 - 4 4  7 1 3 1 0 5 . 0
T a b le  6 . T h e  com bined B orn-level double-differential cross section d 2<r/dm^d |y a |. T h e  m ea­
surem ents are listed together w ith the s ta tis tica l (4 stat), uncorrelated  system atic  (^Unc), correlated  
system atic  (^Cort ), and to ta l (£total) uncertainties. T h e  lum inosity u n certain ty  o f 1.9%  is not shown 
and not included in the overall system atic  and to ta l uncertainties.














A .2 Triple-differential cross-section tables
B in vaa cos 0 * d 3 a ^ stat £syst £syst ^ to tal B in VAA cos 0 * d 3 a ^stat £syst £syst ^ total
[G eV] [pb/G eV ] [%] [%] [% ] [%] [G eV] [pb/G eV ] [%] [%] [% ] [%]
46 66 0 .0 0 .2 - 1 .0 - 0 7 1 .4 2  x 1 0 - 2 4 .0 2 .5 1 8 5 .1 6 46 66 0 .0 0 .2 + 0 .7 + 1 .0 1 .3 7 x 1 0 - 2 4 .2 3 .4 2 0 5 .7
46 66 0 .0 0 .2 - 0 .7 - 0 4 1 .0 2  x 1 0 - 1 1 .4 1 .1 1 2 2 .1 46 66 0 .0 0 .2 + 0 .4 + 0 .7 1 .0 1  x 1 0 - 1 1 .4 1 .1 1 2 2 .1
3 46 66 0 .0 0 .2 - 0 .4 0 0 1 .4 5  x 1 0 - 1 1 .0 0 .8 0 9 1.5 4 46 66 0 .0 0 .2 0 .0 + 0 .4 1 .4 4  x 1 0 - 1 1 .0 0 .8 0 9 1 .6
7 46 66 0 .2 0 .4 - 1 .0 - 0 7 1 .4 8 x 1 0 - 2 3 .9 2 .1 1 8 4 .8 12 46 66 0 .2 0 .4 + 0 .7 + 1 .0 1 .4 6  x 1 0 - 2 3 .9 1 .9 1 8 4 .7
8 46 66 0 .2 0 .4 - 0 .7 - 0 4 1 .0 3  x 1 0 - 1 1 .4 1 .3 1 2 2 .2 11 46 66 0 .2 0 .4 + 0 .4 + 0 .7 9 .9 9  x 1 0 - 2 1 .4 1 .1 1 2 2 .2
9 46 66 0 .2 0 .4 - 0 .4 0 0 1 .4 7 x 1 0 - 1 1 .0 0 .8 0 9 1.5 10 46 66 0 .2 0 .4 0 .0 + 0 .4 1 .4 6  x 1 0 - 1 1 .0 0 .9 0 9 1 .6
13 46 66 0 .4 0 .6 - 1 .0 - 0 7 1 .3 5  x 1 0 - 2 4 .5 3 .3 1 9 5 .9 18 46 66 0 .4 0 .6 + 0 .7 + 1 .0 1 .4 3  x 1 0 - 2 4 .2 2 .5 1 8 5 .2
14 46 66 0 .4 0 .6 - 0 .7 - 0 4 1 .0 8  x  1 0 - 1 1 .4 1 .1 1 0 2 .1 17 46 66 0 .4 0 .6 + 0 .4 + 0 .7 9 .8 4  x 1 0 - 2 1 .6 1 .3 1 2 2 .3
15 46 66 0 .4 0 .6 - 0 .4 0 0 1 .4 7 x 1 0 - 1 0 .9 0 .7 0 9 1.5 16 46 66 0 .4 0 .6 0 .0 + 0 .4 1 .4 2  x 1 0 - 1 1 .0 0 .8 0 9 1 .5
19 46 66 0 .6 0 .8 - 1 .0 - 0 7 1 .5 0  x 1 0 - 2 4 .0 2 .8 1 8 5 .2 24 46 66 0 .6 0 .8 + 0 .7 + 1 .0 1 .4 6  x 1 0 - 2 4 .1 3 .0 1 9 5 .5
20 46 66 0 .6 0 .8 - 0 .7 - 0 4 1 . 0 8 x 1 0 - 1 1 .4 1 .0 1 1 2 .1 23 46 66 0 .6 0 .8 + 0 .4 + 0 .7 9 .9 0  x 1 0 - 2 1 .5 1 .1 1 2 2 .2
21 46 66 0 .6 0 .8 - 0 .4 0 0 1 .4 8 x 1 0 - 1 0 .9 0 .7 0 8 1.4 22 46 66 0 .6 0 .8 0 .0 + 0 .4 1 .4 2  x 1 0 - 1 0 .9 0 .8 0 9 1 .5
25 46 66 0 .8 1 .0 - 1 .0 - 0 7 1 .6 3  x 1 0 - 2 4 .1 2 .7 1 5 5 .1 30 46 66 0 .8 1 .0 + 0 .7 + 1 .0 1 .3 3  x 1 0 - 2 4 .4 3 .2 2 0 5 .8
26 46 66 0 .8 1 .0 - 0 .7 - 0 4 1 . 0 7 x 1 0 - 1 1 .5 1 .1 1 1 2 .1 29 46 66 0 .8 1 .0 + 0 .4 + 0 .7 9 . 5 7 x 1 0 - 2 1 .6 1 .1 1 3 2 .3
27 46 66 0 .8 1 .0 - 0 .4 0 0 1 .4 9  x 1 0 - 1 0 .9 0 .7 0 8 1.4 28 46 66 0 .8 1 .0 0 .0 + 0 .4 1 .4 1  x 1 0 - 1 1 .0 0 .8 0 8 1 .5
31 46 66 .0 1 .2 - 1 .0 - 0 7 1 .7 1  x 1 0 - 2 3 .5 2 .2 1 4 4 .4 36 46 66 .0 1 .2 + 0 .7 + 1 .0 1 .2 7 x 1 0 - 2 4 .2 2 .5 1 8 5 .2
32 46 66 .0 1 .2 - 0 .7 - 0 4 1 .1 2 x 1 0 - 1 1 .4 1 .0 1 1 2 .0 35 46 66 .0 1 .2 + 0 .4 + 0 .7 9 .5 6  x 1 0 - 2 1 .5 1 .1 1 2 2 .2
33 46 66 .0 1 .2 - 0 .4 0 0 1 .5 0  x 1 0 - 1 1 .0 0 .8 0 8 1.5 34 46 66 .0 1 .2 0 .0 + 0 .4 1 .4 1  x 1 0 - 1 1 .0 0 .8 0 8 1 .5
3 7 46 66 .2 1 .4 - 1 .0 - 0 7 1 .5 7 x 1 0 - 2 3 .8 2 .3 1 6 4 .7 42 46 66 .2 1 .4 + 0 .7 + 1 .0 1 .1 3  x 1 0 - 2 4 .4 3 .3 1 9 5 .8
3 8 46 66 .2 1 .4 - 0 .7 - 0 4 1 .1 6  x 1 0 - 1 1 .3 0 .9 1 0 1.9 41 46 66 .2 1 .4 + 0 .4 + 0 .7 8 . 5 7 x 1 0 - 2 1 .6 1 .2 1 4 2 .4
39 46 66 .2 1 .4 - 0 .4 0 0 1 .5 3  x 1 0 - 1 1 .0 0 .7 0 8 1.4 40 46 66 .2 1 .4 0 .0 + 0 .4 1 .4 1  x 1 0 - 1 1 .0 0 .8 0 8 1 .5
43 46 66 .4 1 .6 - 1 .0 - 0 7 1 .0 4  x 1 0 - 2 4 .4 2 .4 1 5 5 .3 4 8 46 66 .4 1 .6 + 0 .7 + 1 .0 8 .2 5  x 1 0 - 3 5 .0 3 .9 1 7 6 .6
44 46 66 .4 1 .6 - 0 .7 - 0 4 1 .1 6  x 1 0 - 1 1 .3 0 .9 0 9 1 .8 4 7 46 66 .4 1 .6 + 0 .4 + 0 .7 8 .5 5  x 1 0 - 2 1 .6 1 .3 1 3 2 .5
45 46 66 .4 1 .6 - 0 .4 0 0 1 .5 5  x 1 0 - 1 1 .0 0 .7 0 7 1.4 46 46 66 .4 1 .6 0 .0 + 0 .4 1 .3 5  x 1 0 - 1 1 .1 0 .8 0 9 1 .6
49 46 66 .6 1 .8 - 1 .0 - 0 7 4 .4 4  x 1 0 - 3 6 .6 3 .2 1 8 7 .5 54 46 66 .6 1 .8 + 0 .7 + 1 .0 3 .5 8  x 1 0 - 3 7 .8 4 .2 2 3 9 .1
50 46 66 .6 1 .8 - 0 .7 - 0 4 9 .5 9  x 1 0 - 2 1 .4 1 .0 1 0 2 .0 53 46 66 .6 1 .8 + 0 .4 + 0 .7 7 . 1 6 x 1 0 - 2 1 .7 1 .4 1 3 2 .6
51 46 66 .6 1 .8 - 0 .4 0 0 1 .5 1  x 1 0 - 1 1 .0 0 .8 0 8 1.5 52 46 66 .6 1 .8 0 .0 + 0 .4 1 .3 3  x 1 0 - 1 1 .1 0 .8 0 9 1 .6
55 46 66 .8 2 .0 - 1 .0 - 0 7 1 .9 7 x 1 0 - 3 10 .0 4 .7 2 4 11 .4 60 46 66 .8 2 .0 + 0 .7 + 1 .0 1 .3 8 x 1 0 - 3 12 .8 6 .6 2 7 1 4 .7
56 46 66 .8 2 .0 - 0 .7 - 0 4 4 .0 5  x 1 0 - 2 2 .3 1 .4 1 0 2 .9 59 46 66 .8 2 .0 + 0 .4 + 0 .7 2 .7 6  x 1 0 - 2 2 .8 2 .0 1 3 3 .6
57 46 66 .8 2 .0 - 0 .4 0 0 1 .5 1  x 1 0 - 1 1 .0 0 .8 0 8 1.5 58 46 66 .8 2 .0 0 .0 + 0 .4 1 .3 2  x 1 0 - 1 1 .1 0 .8 0 9 1 .6
61 46 66 2 .0 2 .2 - 1 .0 - 0 7 66 46 66 2 .0 2 .2 + 0 .7 + 1 .0
62 46 66 2 .0 2 .2 - 0 .7 - 0 4 2 . 4 8 x 1 0 - 3 9 .7 7 .1 3 0 12 .3 65 46 66 2 .0 2 .2 + 0 .4 + 0 .7 1 .6 4  x 1 0 - 3 11 .1 6 .4 5 2 1 3 .8
63 46 66 2 .0 2 .2 - 0 .4 0 0 1 .1 6  x 1 0 - 1 1 .1 0 .8 0 7 1.6 64 46 66 2 .0 2 .2 0 .0 + 0 .4 9 .5 8  x 1 0 - 2 1 .2 1 .0 0 9 1 .8
6 7 46 66 2 .2 2 .4 - 1 .0 - 0 7 72 46 66 2 .2 2 .4 + 0 .7 + 1 .0
6 8 46 66 2 .2 2 .4 - 0 .7 - 0 4 71 46 66 2 .2 2 .4 + 0 .4 + 0 .7
69 46 66 2 .2 2 .4 - 0 .4 0 0 3 .8 2  x 1 0 - 2 1 .9 1 .5 0 9 2 .6 70 46 66 2 .2 2 .4 0 .0 + 0 .4 3 .5 0  x 1 0 - 2 2 .0 1 .4 1 0 2 .6
73 66 80 0 .0 0 .2 - 1 .0 - 0 7 7 .9 2  x 1 0 - 2 1 .6 0 .9 0 8 2 .0 78 66 80 0 .0 0 .2 + 0 .7 + 1 .0 7 .7 0  x 1 0 - 2 1 .6 0 .9 0 8 2 .0
74 66 80 0 .0 0 .2 - 0 .7 - 0 4 1 .9 6  x 1 0 - 1 0 .9 0 .5 0 4 1.1 77 66 80 0 .0 0 .2 + 0 .4 + 0 .7 1 .9 3  x 1 0 - 1 .0 0 .5 0 4 1 .1
75 66 80 0 .0 0 .2 - 0 .4 0 0 1 .7 4  x 1 0 - 1 0 .9 0 .6 0 3 1.1 76 66 80 0 .0 0 .2 0 .0 + 0 .4 1 .7 9  x 1 0 - 0 .9 0 .4 0 3 1 .0
79 66 80 0 .2 0 .4 - 1 .0 - 0 7 8 .2 9  x 1 0 - 2 1 .7 0 .9 0 8 2 .0 84 66 80 0 .2 0 .4 + 0 .7 + 1 .0 7 .4 7  x 1 0 - 1 .6 0 .9 0 8 2 .0
80 66 80 0 .2 0 .4 - 0 .7 - 0 4 2 .0 2  x 1 0 - 1 0 .9 0 .5 0 4 1.1 83 66 80 0 .2 0 .4 + 0 .4 + 0 .7 1 .8 5  x 1 0 - 1 .0 0 .5 0 4 1 .2
81 66 80 0 .2 0 .4 - 0 .4 0 0 1 .7 2  x 1 0 - 1 0 .9 0 .5 0 3 1.0 82 66 80 0 .2 0 .4 0 .0 + 0 .4 1 .7 4  x 1 0 - 0 .9 0 .5 0 3 1 .0
85 66 80 0 .4 0 .6 - 1 .0 - 0 7 7 .8 6  x 1 0 - 2 1 .6 0 .9 0 9 2 .0 90 66 80 0 .4 0 .6 + 0 .7 + 1 .0 7 .3 7  x 1 0 - 1 .7 0 .9 0 9 2 .1
86 66 80 0 .4 0 .6 - 0 .7 - 0 4 2 .0 2  x 1 0 - 1 1 .0 0 .5 0 4 1.2 89 66 80 0 .4 0 .6 + 0 .4 + 0 .7 1 .8 6  x 1 0 - 1 .0 0 .5 0 4 1 .2
8 7 66 80 0 .4 0 .6 - 0 .4 0 0 1 .7 7  x 1 0 - 1 0 .8 0 .4 0 3 1.0 8 8 66 80 0 .4 0 .6 0 .0 + 0 .4 1 .7 3  x 1 0 - 0 .8 0 .4 0 3 1 .0
91 66 80 0 .6 0 .8 - 1 .0 - 0 7 8 . 41  x 1 0 - 2 1 .6 0 .8 0 8 2 .0 96 66 80 0 .6 0 .8 + 0 .7 + 1 .0 7 .0 3  x 1 0 - 1 .6 1 .0 0 8 2 .1
92 66 80 0 .6 0 .8 - 0 .7 - 0 4 2 .0 5  x 1 0 - 1 1 .0 0 .5 0 4 1.2 95 66 80 0 .6 0 .8 + 0 .4 + 0 .7 1 .8 1  x 1 0 - 1 .0 0 .7 0 5 1 .3
93 66 80 0 .6 0 .8 - 0 .4 0 0 1 .7 8  x 1 0 - 1 0 .8 0 .4 0 3 1.0 94 66 80 0 .6 0 .8 0 .0 + 0 .4 1 .6 9  x 1 0 - 0 .9 0 .4 0 3 1 .0
9 7 66 80 0 .8 1 .0 - 1 .0 - 0 7 8 .0 8  x  1 0 - 2 1 .7 1 .0 0 8 2 .1 102 66 80 0 .8 1 .0 + 0 .7 + 1 .0 6 .9 0  x 1 0 - 1 .8 1 .0 0 9 2 .2
9 8 66 80 0 .8 1 .0 - 0 .7 - 0 4 2 .0 9  x 1 0 - 1 1 .0 0 .5 0 4 1.2 101 66 80 0 .8 1 .0 + 0 .4 + 0 .7 1 .7 2  x 1 0 - 1 .0 0 .6 0 5 1 .3
99 66 80 0 .8 1 .0 - 0 .4 0 0 1 .7 6  x 1 0 - 1 0 .8 0 .4 0 3 1.0 100 66 80 0 .8 1 .0 0 .0 + 0 .4 1 .6 3  x 1 0 - 0 .9 0 .5 0 3 1 .0
103 66 80 .0 1 .2 - 1 .0 - 0 7 8 . 63  x 1 0 - 2 1 .6 0 .9 0 7 2 .0 108 66 80 .0 1 .2 + 0 .7 + 1 .0 6 .7 1  x 1 0 - 1 .7 1 .0 0 8 2 .1
104 66 80 .0 1 .2 - 0 .7 - 0 4 2 .0 5  x 1 0 - 1 0 .9 0 .5 0 4 1.1 107 66 80 .0 1 .2 + 0 .4 + 0 .7 1 . 6 8 x 1 0 - 1 .0 0 .6 0 5 1 .2
105 66 80 .0 1 .2 - 0 .4 0 0 1 .7 9  x 1 0 - 1 0 .9 0 .5 0 3 1.0 106 66 80 .0 1 .2 0 .0 + 0 .4 1 .6 0  x 1 0 - 0 .9 0 .5 0 4 1 .1
109 66 80 .2 1 .4 - 1 .0 - 0 7
ooG 1 0 - 2 1 .6 1 .0 0 8 2 .1 114 66 80 .2 1 .4 + 0 .7 + 1 .0 4 .8 6  x 1 0 - 1 .9 1 .0 1 0 2 .3
110 66 80 .2 1 .4 - 0 .7 - 0 4 2 . 1 1 x 1 0 - 1 0 .9 0 .5 0 4 1.1 113 66 80 .2 1 .4 + 0 .4 + 0 .7 1 .5 9  x 1 0 - 1 .0 0 .6 0 5 1 .2
111 66 80 .2 1 .4 - 0 .4 0 0 1 .7 9  x 1 0 - 1 0 .9 0 .5 0 4 1.1 112 66 80 .2 1 .4 0 .0 + 0 .4 1 .5 8  x 1 0 - 0 .9 0 .5 0 4 1 .2
115 66 80 .4 1 .6 - 1 .0 - 0 7 2 .7 4  x 1 0 - 2 2 .6 1 .5 0 8 3 .1 120 66 80 .4 1 .6 + 0 .7 + 1 .0 1 .9 7 x 1 0 - 2 .9 2 .3 1 1 3 .9
116 66 80 .4 1 .6 - 0 .7 - 0 4 2 .0 6  x 1 0 - 1 0 .9 0 .5 0 4 1.1 119 66 80 .4 1 .6 + 0 .4 + 0 .7 1 .4 5  x 1 0 - 1 .0 0 .6 0 5 1 .3
117 66 80 .4 1 .6 - 0 .4 0 0 bo o 1 0 - 1 0 .9 0 .5 0 4 1.1 118 66 80 .4 1 .6 0 .0 + 0 .4 1 .5 7 x 1 0 - 0 .9 0 .5 0 4 1 .1
121 66 80 .6 1 .8 - 1 .0 - 0 7 6 .2 8  x 1 0 - 3 5 .1 3 .5 1 8 6 .5 126 66 80 .6 1 .8 + 0 .7 + 1 .0 4 .0 6  x 1 0 - 6 .1 4 .2 1 8 7 .7
122 66 80 .6 1 .8 - 0 .7 - 0 4 1 .4 7 x 1 0 - 1 1 .0 0 .6 0 5 1.3 125 66 80 .6 1 .8 + 0 .4 + 0 .7 9 .8 9  x 1 0 - 1 .2 0 .8 0 6 1 .6
123 66 80 .6 1 .8 - 0 .4 0 0 1 .7 6  x 1 0 - 1 0 .9 0 .5 0 4 1.1 124 66 80 .6 1 .8 0 .0 + 0 .4 1 .5 2  x 1 0 - 0 .9 0 .5 0 5 1 .1
127 66 80 .8 2 .0 - 1 .0 - 0 7 1 .9 0  x 1 0 - 3 9 .4 5 .8 3 5 11 .6 132 66 80 .8 2 .0 + 0 .7 + 1 .0 8 . 82  x 1 0 - 11 .9 7 .4 4 3 1 4 .7
128 66 80 .8 2 .0 - 0 .7 - 0 4 5 . 3 8 x 1 0 - 2 1 .8 1 .2 0 9 2 .3 131 66 80 .8 2 .0 + 0 .4 + 0 .7 3 .3 4  x 1 0 - 2 .1 1 .3 1 0 2 .7
129 66 80 .8 2 .0 - 0 .4 0 0 1 .7 2  x 1 0 - 1 0 .8 0 .5 0 5 1.1 130 66 80 .8 2 .0 0 .0 + 0 .4 1 .4 5  x 1 0 - 0 .9 0 .5 0 5 1 .2
133 66 80 2 .0 2 .2 - 1 .0 - 0 7 138 66 80 2 .0 2 .2 + 0 .7 + 1 .0
134 66 80 2 .0 2 .2 - 0 .7 - 0 4 3 . 6 8 x  1 0 - 3 6 .5 4 .8 3 0 8 .6 137 66 80 2 .0 2 .2 + 0 .4 + 0 .7 2 .6 2  x 1 0 - 7 .8 5 .4 3 9 1 0 .2
135 66 80 2 .0 2 .2 - 0 .4 0 0 1 .2 6  x 1 0 - 1 1 .0 0 .5 0 6 1.3 136 66 80 2 .0 2 .2 0 .0 + 0 .4 1 .0 1  x 1 0 - 1 .0 0 .6 0 7 1 .4
139 66 80 2 .2 2 .4 - 1 .0 - 0 7 144 66 80 2 .2 2 .4 + 0 .7 + 1 .0
140 66 80 2 .2 2 .4 - 0 .7 - 0 4 143 66 80 2 .2 2 .4 + 0 .4 + 0 .7
141 66 80 2 .2 2 .4 - 0 .4 0 0 4 .0 1  x 1 0 - 2 1 .6 1 .0 1 1 2 .2 142 66 80 2 .2 2 .4 0 .0 + 0 .4 3 .6 2  x 1 0 - 2 1 .7 1 .1 1 1 2 .3























































































m e e yee cos 0 * d 3 a
^ stat ^syst ^syst ^ to tal B in m ee |yee cos 0 * d 3 a
^stat ^syst ^syst ^ total
G e V  ] [pb/G eV ] [%] [%] [% ] [%] [G eV  ] [pb/G eV ] [%] [%] [% ] [%]
91 102 0 0 0 2 - 1 0 - 0 7 2 25 0 3 0 2 0 3 0 5 150 91 102 0 0 0 2 + 0 7 + 1 0 2 26 0 3 0 2 0 3 0 .5
91 102 0 0 0 2 - 0 7 - 0 4 3 58 0 3 0 1 0 2 0 3 149 91 102 0 0 0 2 + 0 4 + 0 7 3 60 0 3 0 0 2 0 . 3
91 102 0 0 0 2 - 0 4 0 0 3 12 0 3 0 1 0 2 0 4 148 91 102 0 0 0 2 0 0 + 0 4 3 10 0 3 0 0 2 0 . 4
91 102 0 0 4 - 1 0 - 0 7 2 26 0 3 0 2 0 3 0 5 156 91 102 0 0 4 + 0 7 + 1 0 2 27 0 3 0 0 3 0 .5
91 102 0 0 4 - 0 7 - 0 4 3 58 0 3 0 1 0 2 0 3 155 91 102 0 0 4 + 0 4 + 0 7 3 61 0 3 0 0 2 0 . 4
91 102 0 0 4 - 0 4 0 0 3 10 0 3 0 1 0 2 0 4 154 91 102 0 0 4 0 0 + 0 4 3 10 0 2 0 0 2 0 . 4
91 102 0 4 0 6 - 1 0 - 0 7 2 24 0 3 0 2 0 3 0 5 162 91 102 0 4 0 6 + 0 7 + 1 0 2 24 0 3 0 0 3 0 .5
91 102 0 4 0 6 - 0 7 - 0 4 3 57 0 3 0 1 0 2 0 4 161 91 102 0 4 0 6 + 0 4 + 0 7 3 60 0 3 0 0 2 0 . 4
91 102 0 4 0 6 - 0 4 0 0 3 08 0 2 0 1 0 2 0 3 160 91 102 0 4 0 6 0 0 + 0 4 3 10 0 2 0 0 2 0 . 3
91 102 0 6 0 8 - 1 0 - 0 7 2 24 0 3 0 2 0 3 0 5 168 91 102 0 6 0 8 + 0 7 + 1 0 2 24 0 3 0 0 3 0 .5
91 102 0 6 0 8 - 0 7 - 0 4 3 54 0 3 0 1 0 3 0 4 167 91 102 0 6 0 8 + 0 4 + 0 7 3 54 0 3 0 0 3 0 . 4
91 102 0 6 0 8 - 0 4 0 0 3 06 0 2 0 1 0 2 0 3 166 91 102 0 6 0 8 0 0 + 0 4 3 08 0 2 0 0 2 0 . 3
91 102 0 8 1 0 - 1 0 - 0 7 2 21 0 3 0 2 0 3 0 5 174 91 102 0 8 1 0 + 0 7 + 1 0 2 24 0 3 0 0 3 0 .5
91 102 0 8 1 0 - 0 7 - 0 4 3 50 0 3 0 1 0 3 0 4 173 91 102 0 8 1 0 + 0 4 + 0 7 3 49 0 3 0 0 3 0 . 4
91 102 0 8 1 0 - 0 4 0 0 3 06 0 2 0 1 0 2 0 3 172 91 102 0 8 1 0 0 0 + 0 4 3 03 0 2 0 0 2 0 . 3
91 102 0 1 2 - 1 0 - 0 7 1 96 0 4 0 2 0 3 0 5 180 91 102 0 1 2 + 0 7 + 1 0 1 96 0 3 0 0 3 0 .5
91 102 0 1 2 - 0 7 - 0 4 3 45 0 3 0 1 0 3 0 4 179 91 102 0 1 2 + 0 4 + 0 7 3 46 0 2 0 0 3 0 . 4
91 102 0 1 2 - 0 4 0 0 3 01 0 2 0 1 0 3 0 4 178 91 102 0 1 2 0 0 + 0 4 3 00 0 2 0 0 3 0 . 4
91 102 1 4 - 1 0 - 0 7 1 29 0 4 0 2 0 4 0 6 186 91 102 1 4 + 0 7 + 1 0 1 29 0 4 0 0 4 0 . 6
91 102 1 4 - 0 7 - 0 4 3 41 0 3 0 1 0 3 0 4 185 91 102 1 4 + 0 4 + 0 7 3 39 0 2 0 0 2 0 . 4
91 102 1 4 - 0 4 0 0 2 97 0 3 0 1 0 3 0 4 184 91 102 1 4 0 0 + 0 4 2 95 0 2 0 0 3 0 . 4
91 102 4 1 6 - 1 0 - 0 7 4 8 7  x  1 0 - 1 0 7 0 4 0 4 0 8 192 91 102 4 1 6 + 0 7 + 1 0 4 80  x  1 0 - 1 0 6 0 0 4 0 . 8
91 102 4 1 6 - 0 7 - 0 4 3 18 0 2 0 1 0 3 0 4 191 91 102 4 1 6 + 0 4 + 0 7 3 16 0 2 0 0 3 0 . 4
91 102 4 1 6 - 0 4 0 0 2 90 0 2 0 1 0 3 0 4 190 91 102 4 1 6 0 0 + 0 4 2 90 0 2 0 0 3 0 . 4
91 102 6 1 8 - 1 0 - 0 7 9 17 x  1 0 - 2 1 5 0 9 0 5 1 8 198 91 102 6 1 8 + 0 7 + 1 0 9 . 0 8  x  1 0 - 2 1 5 0 0 6 1 . 8
91 102 6 1 8 - 0 7 - 0 4 2 24 0 3 0 2 0 3 0 5 197 91 102 6 1 8 + 0 4 + 0 7 2 22 0 3 0 0 3 0 .5
91 102 6 1 8 - 0 4 0 0 2 83 0 2 0 1 0 3 0 4 196 91 102 6 1 8 0 0 + 0 4 2 84 0 2 0 0 3 0 . 4
91 102 8 2 0 - 1 0 - 0 7 2 11 1 0 - 2 2 9 1 9 0 7 3 5 204 91 102 8 2 0 + 0 7 + 1 0 2 02  x  1 0 - 2 2 9 1 1 1 3 . 6
91 102 8 2 0 - 0 7 - 0 4 8
o© 1 0 5 0 3 0 4 0 7 203 91 102 8 2 0 + 0 4 + 0 7 7 92  x  1 0 - 1 0 5 0 0 4 0 .7
91 102 8 2 0 - 0 4 0 0 2 73 0 2 0 1 0 3 0 4 202 91 102 8 2 0 0 0 + 0 4 2 73 0 2 0 0 3 0 . 4
91 102 2 0 2 2 - 1 0 - 0 7 2 53 x  1 0 - 3 7 9 6 1 2 2 10 3 210 91 102 2 0 2 2 + 0 7 + 1 0 2 74 x  1 0 - 3 8  3 5 6 3 4 10 . 6
91 102 2 0 2 2 - 0 7 - 0 4 4 99 x  1 0 - 2 2 1 1 5 0 7 2 7 209 91 102 2 0 2 2 + 0 4 + 0 7 5 03  x  1 0 - 2 2 1 1 5 0 7 2 .7
91 102 2 0 2 2 - 0 4 0 0 1 96 0 3 0 2 0 3 0 5 208 91 102 2 0 2 2 0 0 + 0 4 1 95 0 3 0 2 0 3 0 .5
91 102 2 2 4 - 1 0 - 0 7 216 91 102 2 2 4 + 0 7 + 1 0
91 102 2 2 4 - 0 7 - 0 4 215 91 102 2 2 4 + 0 4 + 0 7
91 102 2 2 4 - 0 4 0 0 6 54 x  1 0 - 1 0 4 0 3 0 4 0 7 214 91 102 2 2 4 0 0 + 0 4 6 46  x  1 0 - 1 0 4 0 3 0 4 0 .7
91 102 0 0 0 2 - 1 0 - 0 7 2 00 o 0  3 0 2 0 3 0 4 222 91 102 0 0 0 2 + 0 7 + 1 0 2 82 0 3 0 2 0 3 0 . 4
91 102 0 0 0 2 - 0 7 - 0 4 4 17 0 2 0 1 0 2 0 3 221 91 102 0 0 0 2 + 0 4 + 0 7 4 21 0 2 0 0 2 0 . 3
91 102 0 0 0 2 - 0 4 0 0 3 59 0 2 0 1 0 2 0 4 220 91 102 0 0 0 2 0 0 + 0 4 3 62 0 2 0 0 2 0 . 4
91 102 0 0 4 - 1 0 - 0 7 2 78 0 3 0 2 0 3 0 4 228 91 102 0 0 4 + 0 7 + 1 0 2 83 0 3 0 0 3 0 . 4
91 102 0 0 4 - 0 7 - 0 4 4 11 0 3 0 1 0 2 0 3 227 91 102 0 0 4 + 0 4 + 0 7 4 17 0 2 0 0 2 0 . 3
91 102 0 0 4 - 0 4 0 0 3 58 0 2 0 1 0 2 0 4 226 91 102 0 0 4 0 0 + 0 4 3 61 0 2 0 0 2 0 . 3
91 102 0 4 0 6 - 1 0 - 0 7 2 75 0 3 0 2 0 3 0 5 234 91 102 0 4 0 6 + 0 7 + 1 0 2 84 0 3 0 0 3 0 .5
91 102 0 4 0 6 - 0 7 - 0 4 4 07 0 3 0 1 0 2 0 4 233 91 102 0 4 0 6 + 0 4 + 0 7 4 19 0 3 0 0 2 0 . 4
91 102 0 4 0 6 - 0 4 0 0 3 55 0 2 0 1 0 2 0 3 232 91 102 0 4 0 6 0 0 + 0 4 3 59 0 2 0 0 2 0 . 3
91 102 0 6 0 8 - 1 0 - 0 7 2 70 0 3 0 2 0 3 0 4 240 91 102 0 6 0 8 + 0 7 + 1 0 2 86 0 3 0 0 3 0 . 4
91 102 0 6 0 8 - 0 7 - 0 4 4 05 0 3 0 1 0 3 0 4 239 91 102 0 6 0 8 + 0 4 + 0 7 4 20 0 3 0 0 3 0 . 4
91 102 0 6 0 8 - 0 4 0 0 3 52 0 2 0 1 0 2 0 3 238 91 102 0 6 0 8 0 0 + 0 4 3 57 0 2 0 0 2 0 . 3
91 102 0 8 1 0 - 1 0 - 0 7 2 64 0 3 0 2 0 3 0 5 246 91 102 0 8 1 0 + 0 7 + 1 0 2 83 0 3 0 0 3 0 .5
91 102 0 8 1 0 - 0 7 - 0 4 3 98 0 3 0 1 0 3 0 4 245 91 102 0 8 1 0 + 0 4 + 0 7 4 17 0 3 0 0 3 0 . 4
91 102 0 8 1 0 - 0 4 0 0 3 46 0 2 0 1 0 2 0 3 244 91 102 0 8 1 0 0 0 + 0 4 3 56 0 2 0 0 2 0 . 3
91 102 0 1 2 - 1 0 - 0 7 2 23 0 3 0 2 0 3 0 5 252 91 102 0 1 2 + 0 7 + 1 0 2 42 0 3 0 0 3 0 .5
91 102 0 1 2 - 0 7 - 0 4 3 91 0 2 0 1 0 3 0 4 251 91 102 0 1 2 + 0 4 + 0 7 4 19 0 2 0 0 2 0 . 4
91 102 0 1 2 - 0 4 0 0 3 41 0 2 0 1 0 3 0 4 250 91 102 0 1 2 0 0 + 0 4 3 52 0 2 0 0 2 0 . 4
91 102 1 4 - 1 0 - 0 7 1 46 0 4 0 2 0 3 0 5 258 91 102 1 4 + 0 7 + 1 0 1 60 0 4 0 0 3 0 .5
91 102 1 4 - 0 7 - 0 4 3 79 0 3 0 1 0 2 0 4 257 91 102 1 4 + 0 4 + 0 7 4 12 0 2 0 0 2 0 . 3
91 102 1 4 - 0 4 0 0 3 34 0 2 0 1 0 3 0 4 256 91 102 1 4 0 0 + 0 4 3 48 0 2 0 0 3 0 . 4
91 102 4 1 6 - 1 0 - 0 7 5 29 x  1 0 - 1 0 6 0 3 0 4 0 8 264 91 102 4 1 6 + 0 7 + 1 0 5 95  x  1 0 - 1 0 6 0 0 4 0 . 8
91 102 4 1 6 - 0 7 - 0 4 3 48 0 2 0 1 0 3 0 4 263 91 102 4 1 6 + 0 4 + 0 7 3 84 0 2 0 0 2 0 . 4
91 102 4 1 6 - 0 4 0 0 3 27 0 2 0 1 0 3 0 4 262 91 102 4 1 6 0 0 + 0 4 3 42 0 2 0 0 3 0 . 4
91 102 6 1 8 - 1 0 - 0 7 9
o00 2 1 5 1 0 0 7 1 9 270 91 102 6 1 8 + 0 7 + 1 0 1 . 13 x  1 0 - 1 1 3 0 0 6 1 .7
91 102 6 1 8 - 0 7 - 0 4 2 41 0 3 0 1 0 3 0 5 269 91 102 6 1 8 + 0 4 + 0 7 2 70 0 3 0 0 3 0 . 4
91 102 6 1 8 - 0 4 0 0 3 20 0 2 0 1 0 3 0 4 268 91 102 6 1 8 0 0 + 0 4 3 37 0 2 0 0 3 0 . 4
91 102 8 2 0 - 1 0 - 0 7 2 17 1 0 - 2 3 0 1 8 0 9 3 7 276 91 102 8 2 0 + 0 7 + 1 0 2 36  x  1 0 - 2 2 8 1 0 8 3 . 4
91 102 8 2 0 - 0 7 - 0 4 8 61 x 1 0 - 1 0 5 0 3 0 5 0 7 275 91 102 8 2 0 + 0 4 + 0 7 9 82  x  1 0 - 1 0 5 0 0 4 0 .7
91 102 8 2 0 - 0 4 0 0 3 03 0 2 0 1 0 3 0 4 274 91 102 8 2 0 0 0 + 0 4 3 23 0 2 0 0 3 0 . 4
91 102 2 0 2 2 - 1 0 - 0 7 2 30 x 1 0 - 3 10 6 8  0 5 2 14 3 282 91 102 2 0 2 2 + 0 7 + 1 0 3 . 4 7  x  1 0 - 3 7 6 5 2 6 9 . 6
91 102 2 0 2 2 - 0 7 - 0 4 5 15 1 0 - 2 2 0 1 3 1 0 2 6 281 91 102 2 0 2 2 + 0 4 + 0 7 6 30  x  1 0 - 2 1 9 1 1 0 2 .5
91 102 2 0 2 2 - 0 4 0 0 2 17 0 3 0 1 0 3 0 4 280 91 102 2 0 2 2 0 0 + 0 4 2 32 0 3 0 0 3 0 . 4
91 102 2 2 4 - 1 0 - 0 7 288 91 102 2 2 4 + 0 7 + 1 0
91 102 2 2 4 - 0 7 - 0 4 287 91 102 2 2 4 + 0 4 + 0 7
91 102 2 2 4 - 0 4 0 0 7
o© 1 0 4 0 2 0 4 0 7 286 91 102 2 2 4 0 0 + 0 4 7 . 59 x  1 0 - 1 0 4 0 2 0 4 0 . 6
-  50 -
B in  m gg yee cos 0 * d 3 a
^ stat ^syst ^syst ^ to tal B in m ee |y ee cos 0 *
d 3 a ^stat ^syst ^syst ^ total
[G eV  ] [pb/G eV ] [%] [%] [% ] [%] [G eV  ] [pb/G eV ] [%] [%] [% ] [%]
289  102 116 0 0 0 2 - 1 0 - 0 7 1 09 x 10 1 4 0 8 0 6 1 7 294 102 116 0 0 0 2 + 0 7 + 1 0 1 09  x 10 1 4 0 8 0 6 1 .7
290  102 116 0 0 0 2 - 0 7 - 0 4 1 30 x 10 1 2 0 6 0 4 1 4 293 102 116 0 0 0 2 + 0 4 + 0 7 1 39  x 10 1 2 0 5 0 3 1 . 4
291  102 116 0 0 0 2 - 0 4 0 0 1 15 x 10 1 2 0 5 0 3 1 4 292 102 116 0 0 0 2 0 0 + 0 4 1 15 x 10 1 2 0 5 0 4 1 . 4
295  102 116 0 0 4 - 1 0 - 0 7 1 03 x 10 1 5 0 8 0 6 1 8 300 102 116 0 0 4 + 0 7 + 1 0 1 11 x 10 1 5 0 8 0 6 1 .7
296  102 116 0 0 4 - 0 7 - 0 4 1 33 x 10 1 2 0 6 0 4 1 4 299 102 116 0 0 4 + 0 4 + 0 7 1 39  x 10 1 2 0 5 0 4 1 . 4
2 9 7  102 116 0 0 4 - 0 4 0 0 1 14 x 10 1 2 0 5 0 4 1 3 298 102 116 0 0 4 0 0 + 0 4 1 19 x 10 1 2 0 5 0 4 1 . 3
3 0 1  102 116 0 4 0 6 - 1 0 - 0 7 1 01 x 10 1 5 0 8 0 6 1 8 306 102 116 0 4 0 6 + 0 7 + 1 0 1 13 x 10 1 4 0 7 0 6 1 .7
3 0 2  102 116 0 4 0 6 - 0 7 - 0 4 1 25 x 10 1 3 0 7 0 4 1 5 305 102 116 0 4 0 6 + 0 4 + 0 7 1 40  x 10 1 2 0 6 0 4 1 . 4
3 0 3  102 116 0 4 0 6 - 0 4 0 0 1 12 x 10 1 1 0 5 0 4 1 3 304 102 116 0 4 0 6 0 0 + 0 4 1 15 x 10 1 1 0 5 0 3 1 . 3
3 0 7  102 116 0 6 0 8 - 1 0 - 0 7 9 95 x 10 - 2 1 4 0 8 0 7 1 8 312 102 116 0 6 0 8 + 0 7 + 1 0 1 14 x 10 1 4 0 7 0 7 1 .7
3 0 8  102 116 0 6 0 8 - 0 7 - 0 4 1 21 x 10 1 4 0 7 0 5 1 6 311 102 116 0 6 0 8 + 0 4 + 0 7 1 40  x 10 1 3 0 7 0 5 1 . 6
3 0 9  102 116 0 6 0 8 - 0 4 0 0 1 12 x 10 1 1 0 5 0 4 1 3 310 102 116 0 6 0 8 0 0 + 0 4 1 15 x 10 1 1 0 5 0 3 1 . 3
3 1 3  102 116 0 8 1 0 - 1 0 - 0 7 8 72 x 10 - 2 1 6 0 9 0 6 1 9 3 1 8 102 116 0 8 1 0 + 0 7 + 1 0 1 11 x 10 1 4 0 8 0 6 1 .7
3 1 4  102 116 0 8 1 0 - 0 7 - 0 4 1 19 x 10 1 3 0 7 0 5 1 6 3 1 7 102 116 0 8 1 0 + 0 4 + 0 7 1 4 7  x 10 1 2 0 6 0 5 1 . 4
3 1 5  102 116 0 8 1 0 - 0 4 0 0 1 0 7  x  10 1 1 0 7 0 4 1 4 316 102 116 0 8 1 0 0 0 + 0 4 1 18 x 10 1 0 0 5 0 4 1 .2
3 1 9  102 116 0 1 2 - 1 0 - 0 7 6 74 x 10 - 2 1 7 1 0 0 7 2 1 324 102 116 0 1 2 + 0 7 + 1 0 9 14 x 10 2 1 5 0 8 0 6 1 . 8
3 2 0  102 116 0 1 2 - 0 7 - 0 4 1 13 x 10 1 2 0 7 0 5 1 5 323 102 116 0 1 2 + 0 4 + 0 7 1 49  x 10 1 1 0 6 0 5 1 . 3
3 2 1  102 116 0 1 2 - 0 4 0 0 1 06 x 10 1 1 0 6 0 5 1 4 322 102 116 0 1 2 0 0 + 0 4 1 18 x 10 1 1 0 5 0 5 1 . 3
3 2 5  102 116 1 4 - 1 0 - 0 7 4 21 x 10 - 2 1 9 1 2 1 1 2 5 330 102 116 1 4 + 0 7 + 1 0 5 84  x 10 2 1 7 1 0 0 8 2 .1
3 2 6  102 116 1 4 - 0 7 - 0 4 1 09 x 10 1 2 0 6 0 6 1 5 329 102 116 1 4 + 0 4 + 0 7 1 50 x 10 1 0 0 6 0 5 1 . 3
3 2 7  102 116 1 4 - 0 4 0 0 1 01 x 10 1 1 0 6 0 6 1 4 3 2 8 102 116 1 4 0 0 + 0 4 1 19 x 10 1 1 0 7 0 7 1 .5
3 3 1  102 116 4 1 6 - 1 0 - 0 7 1 39 x 10 - 2 2 5 1 9 1 5 3 5 336 102 116 4 1 6 + 0 7 + 1 0 2 25 x 10 2 2 2 1 6 1 5 3 .1
3 3 2  102 116 4 1 6 - 0 7 - 0 4 9 53 x 10 - 2 1 2 0 7 0 6 1 5 335 102 116 4 1 6 + 0 4 + 0 7 1 3 7  x 10 1 1 0 6 0 6 1 . 3
3 3 3  102 116 4 1 6 - 0 4 0 0 9 77 x 10 2 1 1 0 6 0 7 1 5 334 102 116 4 1 6 0 0 + 0 4 1 17 x 10 1 0 0 6 0 6 1 . 3
3 3 7  102 116 6 1 8 - 1 0 - 0 7 2 35 x 10 3 4 6 4 9 2 8 7 3 342 102 116 6 1 8 + 0 7 + 1 0 4 19 x 10 3 4 2 3 8 2 2 6 .1
3 3 8  102 116 6 1 8 - 0 7 - 0 4 6 43 x 10 2 1 2 0 9 1 0 1 8 341 102 116 6 1 8 + 0 4 + 0 7 1 01  x 10 1 1 0 7 0 9 1 . 6
3 3 9  102 116 6 1 8 - 0 4 0 0 9 25 x 10 2 1 1 0 7 1 0 1 6 340 102 116 6 1 8 0 0 + 0 4 1 16 x 10 1 0 0 7 0 8 1 .5
3 4 3  102 116 8 2 0 - 1 0 - 0 7 4 34 x 10 - 4 6 1 11 4 3 4 13 4 3 4 8 102 116 8 2 0 + 0 7 + 1 0 8 65  x 10 4 8 2 9 1 2 9 12 . 6
3 4 4  102 116 8 2 0 - 0 7 - 0 4 2 13 x 10 2 1 7 1 5 1 6 2 8 3 4 7 102 116 8 2 0 + 0 4 + 0 7 3 56 x 10 2 1 5 1 3 1 5 2 .5
3 4 5  102 116 8 2 0 - 0 4 0 0 8 89 x 10 2 1 0 0 6 0 9 1 5 346 102 116 8 2 0 0 0 + 0 4 1 14 x 10 -1 0 9 0 6 0 9 1 . 4
3 4 9  102 116 2 0 2 2 - 1 0 - 0 7 354 102 116 2 0 2 2 + 0 7 + 1 0
3 5 0  102 116 2 0 2 2 - 0 7 - 0 4 1 39 x 10 3 3 3 5 6 3 5 7 4 353 102 116 2 0 2 2 + 0 4 + 0 7 2 22 x 10 3 3 6 4 9 2 2 6 .5
3 5 1  102 116 2 0 2 2 - 0 4 0 0 6 28 x 10 2 1 0 0 8 1 3 1 8 352 102 116 2 0 2 2 0 0 + 0 4 7 95  x 10 2 0 9 0 7 1 1 1 . 6
3 5 5  102 116 2 2 4 - 1 0 - 0 7 360 102 116 2 2 4 + 0 7 + 1 0
3 5 6  102 116 2 2 4 - 0 7 - 0 4 359 102 116 2 2 4 + 0 4 + 0 7
3 5 7  102 116 2 2 4 - 0 4 0 0 2 17 x 10 2 1 4 1 4 1 9 2 7 3 5 8 102 116 2 2 4 0 0 + 0 4 2 45  x 10 2 1 3 1 3 1 6 2 .5
3 6 1  116 150 0 0 0 2 - 1 0 - 0 7 2 39 x 10 2 2 4 1 1 1 4 3 0 366 116 150 0 0 0 2 + 0 7 + 1 0 2 59 x 10 2 2 2 1 0 1 3 2 .7
3 6 2  116 150 0 0 0 2 - 0 7 - 0 4 2 59 x 10 2 1 9 0 6 0 8 2 1 365 116 150 0 0 0 2 + 0 4 + 0 7 2 69  x 10 2 1 9 0 6 0 7 2 .1
3 6 3  116 150 0 0 0 2 - 0 4 0 0 2 16 x 10 2 1 9 0 9 0 6 2 2 364 116 150 0 0 0 2 0 0 + 0 4 2 25 x 10 2 1 8 0 7 0 6 2 . 0
3 6 7  116 150 0 0 4 - 1 0 - 0 7 2 29 x 10 2 2 3 1 2 1 5 3 0 372 116 150 0 0 4 + 0 7 + 1 0 2 54 x 10 2 2 3 1 2 1 3 2 . 8
3 6 8  116 150 0 0 4 - 0 7 - 0 4 2 45 x 10 2 2 1 0 8 0 8 2 4 371 116 150 0 0 4 + 0 4 + 0 7 2 8 8  x 10 2 1 9 0 6 0 7 2 .1
3 6 9  116 150 0 0 4 - 0 4 0 0 2 10 x 10 2 1 9 0 6 0 7 2 1 370 116 150 0 0 4 0 0 + 0 4 2 25 x 10 2 1 8 0 5 0 6 2 . 0
3 7 3  116 150 0 4 0 6 - 1 0 - 0 7 2 11 x 10 2 2 4 1 0 1 6 3 1 3 7 8 116 150 0 4 0 6 + 0 7 + 1 0 2 64  x 10 2 2 3 1 1 1 3 2 . 8
3 7 4  116 150 0 4 0 6 - 0 7 - 0 4 2 44 x 10 2 2 1 0 7 0 8 2 4 3 7 7 116 150 0 4 0 6 + 0 4 + 0 7 2 81  x 10 2 2 0 0 7 0 7 2 .2
3 7 5  116 150 0 4 0 6 - 0 4 0 0 2 10 x 10 2 1 8 0 7 0 6 2 0 376 116 150 0 4 0 6 0 0 + 0 4 2 26 x 10 2 1 7 0 5 0 6 1 . 9
3 7 9  116 150 0 6 0 8 - 1 0 - 0 7 2 0 7  x 10 2 2 4 1 0 1 5 3 0 384 116 150 0 6 0 8 + 0 7 + 1 0 2 69  x 10 2 2 0 0 8 1 1 2 . 4
3 8 0  116 150 0 6 0 8 - 0 7 - 0 4 2 32 x 10 2 2 3 0 8 0 9 2 5 383 116 150 0 6 0 8 + 0 4 + 0 7 2 93  x 10 2 2 0 0 8 0 7 2 . 3
3 8 1  116 150 0 6 0 8 - 0 4 0 0 2 06 x 10 2 1 8 0 6 0 6 2 0 382 116 150 0 6 0 8 0 0 + 0 4 2 36  x 10 2 1 7 0 5 0 5 1 . 9
3 8 5  116 150 0 8 1 0 - 1 0 - 0 7 1 69 x 10 2 2 6 1 2 1 5 3 3 390 116 150 0 8 1 0 + 0 7 + 1 0 2 3 7  x 10 2 2 1 0 9 1 1 2 . 6
3 8 6  116 150 0 8 1 0 - 0 7 - 0 4 2 18 x 10 2 2 3 0 9 0 8 2 6 389 116 150 0 8 1 0 + 0 4 + 0 7 3 03  x 10 2 1 9 0 7 0 6 2 .1
3 8 7  116 150 0 8 1 0 - 0 4 0 0 2 o 00 10 2 1 8 0 6 0 6 2 0 3 8 8 116 150 0 8 1 0 0 0 + 0 4 2 30  x 10 2 1 7 0 6 0 5 1 . 9
39 1  116 150 0 1 2 - 1 0 - 0 7 1 21 x 10 2 3 1 1 6 1 3 3 7 396 116 150 0 1 2 + 0 7 + 1 0 1 90  x 10 2 2 4 1 2 1 1 2 . 9
3 9 2  116 150 0 1 2 - 0 7 - 0 4 1 99 x 10 2 2 2 0 9 0 8 2 5 395 116 150 0 1 2 + 0 4 + 0 7 3 0 7  x  10 2 1 8 0 6 0 6 2 . 0
3 9 3  116 150 0 1 2 - 0 4 0 0 2 05 x 10 2 1 9 0 8 0 6 2 1 394 116 150 0 1 2 0 0 + 0 4 2 39  x 10 2 1 7 0 6 0 6 1 . 9
3 9 7  116 150 1 4 - 1 0 - 0 7 8 16 x 10 3 3 6 1 5 1 3 4 1 402 116 150 1 4 + 0 7 + 1 0 1 38  x 10 2 2 7 1 0 0 8 3 . 0
3 9 8  116 150 1 4 - 0 7 - 0 4 1 82 x 10 2 2 2 1 1 0 8 2 6 401 116 150 1 4 + 0 4 + 0 7 3 11 x 10 2 1 7 0 7 0 6 1 . 9
39 9  116 150 1 4 - 0 4 0 0 1 8 7  x 10 2 2 0 0 8 0 6 2 2 400 116 150 1 4 0 0 + 0 4 2 39  x 10 2 1 8 0 7 0 6 2 . 0
40 3  116 150 4 1 6 - 1 0 - 0 7 2 40 x 10 3 6 3 2 9 2 0 7 2 4 0 8 116 150 4 1 6 + 0 7 + 1 0 4 68  x  10 3 4 4 2 5 1 2 5 .2
40 4  116 150 4 1 6 - 0 7 - 0 4 1 64 x 10 2 2 2 0 9 0 8 2 6 4 0 7 116 150 4 1 6 + 0 4 + 0 7 2 96  x 10 2 1 7 0 7 0 6 1 . 9
40 5  116 150 4 1 6 - 0 4 0 0 1 79 x 10 2 2 0 0 9 0 7 2 3 406 116 150 4 1 6 0 0 + 0 4 2 30  x 10 2 1 7 0 8 0 5 2 . 0
40 9  116 150 6 1 8 - 1 0 - 0 7 3
oo
10 4 70 7 18 8 4 6 73 3 414 116 150 6 1 8 + 0 7 + 1 0 9 12 x 10 4 9 2 7 6 2 1 12 .2
4 1 0  116 150 6 1 8 - 0 7 - 0 4 1 09 x 10 2 2 8 1 2 0 9 3 1 413 116 150 6 1 8 + 0 4 + 0 7 2 23 x 10 2 2 0 0 9 0 7 2 . 3
4 1 1  116 150 6 1 8 - 0 4 0 0 1 72 x 10 2 2 0 0 9 0 7 2 3 412 116 150 6 1 8 0 0 + 0 4 2 36  x 10 2 1 8 0 9 0 6 2 . 0
4 1 5  116 150 8 2 0 - 1 0 - 0 7 420 116 150 8 2 0 + 0 7 + 1 0
4 1 6  116 150 8 2 0 - 0 7 - 0 4 3 51 x 10 3 4 7 2 7 1 8 5 7 419 116 150 8 2 0 + 0 4 + 0 7 7 66  x 10 3 3 5 2 0 1 3 4 .2
4 1 7  116 150 8 2 0 - 0 4 0 0 1 66 x 10 2 2 1 1 2 0 8 2 6 4 1 8 116 150 8 2 0 0 0 + 0 4 2 33  x 10 2 1 8 1 0 0 7 2 .2
42 1  116 150 2 0 2 2 - 1 0 - 0 7 426 116 150 2 0 2 2 + 0 7 + 1 0
42 2  116 150 2 0 2 2 - 0 7 - 0 4 2 20 x 10 4 8  3 8 9 6 0 13 5 425 116 150 2 0 2 2 + 0 4 + 0 7 4 66  x 10 4 9 7 7 6 3 8 12 . 9
42 3  116 150 2 0 2 2 - 0 4 0 0 1 20 x 10 2 2 1 1 0 0 9 2 5 424 116 150 2 0 2 2 0 0 + 0 4 1 65  x 10 2 1 9 0 9 0 8 2 .2
4 2 7  116 150 2 2 4 - 1 0 - 0 7 432 116 150 2 2 4 + 0 7 + 1 0
4 2 8  116 150 2 2 4 - 0 7 - 0 4 431 116 150 2 2 4 + 0 4 + 0 7
42 9  116 150 2 2 4 - 0 4 0 0 3 94 x 10 3 3 8 2 5 1 9 4 9 430 116 150 2 2 4 0 0 + 0 4 4 75 x 10 3 3 5 2 2 1 9 4 .5
-  51 -
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433 150 200 0 0 0 2 - 1 0 - 0 7 6 . 26 x  1 0 - 3 4 .2 1 .6 2 .8 5 .3 4 3 8 150 200 0 0 0 2 + 0 7 , + 1 0 6 55 x 1 0 - 3 4 3 1 7 2 8 5 . 4
434 150 200 0 0 0 2 - 0 7 - 0 4 5 . 56 x  1 0 - 3 3 .7 1 .2 1.6 4 .2 4 3 7 150 200 0 0 0 2 + 0 4 , + 0 7 5 91  x 1 0 - 3 3 6 1 3 1 6 4 .1
435 150 200 0 0 0 2 - 0 4 0 0 4 . 77  x  1 0 - 3 3 .4 1 .3 1.2 3 .8 436 150 200 0 0 0 2 0 0 ,  + 0 4 4 76 x 1 0 - 3 3 5 0 7 1 1 3 .7
439 150 200 0 0 4 - 1 0 - 0 7 5 . 66  x  1 0 - 3 4 .6 1 .7 3. 2 5 .8 444 150 200 0 0 4 + 0 7 , + 1 0 6 6 7  x 1 0 - 3 4 0 2 0 2 7 5 .2
440 150 200 0 0 4 - 0 7 - 0 4 5 . 41  x  1 0 - 3 3 .9 1 .9 1.6 4 .7 443 150 200 0 0 4 + 0 4 , + 0 7 5 96  x 1 0 - 3 3 6 1 9 2 5 4 . 8
441 150 200 0 0 4 - 0 4 0 0 4 . 81  x  1 0 - 3 3 .4 0 .9 1.2 3 .7 442 150 200 0 0 4 0 0 ,  + 0 4 4 9 7  x 1 0 - 3 3 2 1 0 1 2 3 . 6
445 150 200 0 4 0 6 - 1 0 - 0 7 4 . 73 x  1 0 - 3 4 .8 2 .2 3. 3 6 .2 450 150 200 0 4 0 6 + 0 7 , + 1 0 7 . 0 8  x 1 0 - 3 3 7 1 3 2 3 4 . 6
446 150 200 0 4 0 6 - 0 7 - 0 4 5 . 52 x  1 0 - 3 3 .9 1 .0 1.6 4 .3 449 150 200 0 4 0 6 + 0 4 , + 0 7 6 . 26 x 1 0 - 3 3 6 1 2 1 4 4 .0
44 7 150 200 0 4 0 6 - 0 4 0 0 4 . 56 x  1 0 - 3 3 .4 0 .8 1.1 3 .7 4 4 8 150 200 0 4 0 6 0 0 ,  + 0 4 4 79 x 1 0 - 3 3 4 1 9 1 1 4 .1
451 150 200 0 6 0 8 - 1 0 - 0 7 4 . 51 x  1 0 - 3 4 .7 1 .9 3. 0 5 .9 456 150 200 0 6 0 8 + 0 7 , + 1 0 6 21 x 1 0 - 3 3 8 1 3 2 2 4 .6
452 150 200 0 6 0 8 - 0 7 - 0 4 5 . 18 x  1 0 - 3 4 .2 1 .5 1 .7 4 .8 455 150 200 0 6 0 8 + 0 4 , + 0 7 6 90  x 1 0 - 3 3 5 0 8 1 2 3 .8
453 150 200 0 6 0 8 - 0 4 0 0 4 . 26 x  1 0 - 3 3 .4 1 .2 1.2 3 .8 454 150 200 0 6 0 8 0 0 ,  + 0 4 5 . 26 x 1 0 - 3 3 1 0 6 1 0 3 .3
45 7 150 200 0 8 1 0 - 1 0 - 0 7 3 . 32  x  1 0 - 3 5 .4 2 .3 3. 2 6 .7 462 150 200 0 8 1 0 + 0 7 , + 1 0 6 01  x 1 0 - 3 3 8 1 5 1 8 4 .5
45 8 150 200 0 8 1 0 - 0 7 - 0 4 4 . 91  x  1 0 - 3 4 .3 1 .1 1 .7 4 .8 461 150 200 0 8 1 0 + 0 4 , + 0 7 6 43  x 1 0 - 3 3 7 1 3 1 3 4 .1
459 150 200 0 8 1 0 - 0 4 0 0 4 . 28  x  1 0 - 3 3 .5 0 .8 1.1 3 .7 460 150 200 0 8 1 0 0 0 ,  + 0 4 5 . 18 x 1 0 - 3 3 1 0 7 0 9 3 .3
463 150 200 0 1 2 - 1 0 - 0 7 2 . 39  x  1 0 - 3 6 .4 2 .4 3. 0 7 .5 4 6 8 150 200 0 1 2 + 0 7 , + 1 0 4 66  x 1 0 - 3 4 2 1 8 1 8 4 .9
464 150 200 0 1 2 - 0 7 - 0 4 4 .0 3  x  1 0 - 3 4 .4 1 .7 1 .8 5 .1 4 6 7 150 200 0 1 2 + 0 4 , + 0 7 6 99  x 1 0 - 3 3 2 1 1 1 0 3 .5
465 150 200 0 1 2 - 0 4 0 0 4 .1 3  x  1 0 - 3 3 .7 1 .2 1.3 4 .1 466 150 200 0 1 2 0 0 ,  + 0 4 5 40  x 1 0 - 3 3 1 1 2 0 9 3 .5
469 150 200 1 4 - 1 0 - 0 7 1 .4 6  x  1 0 - 3 8 . 1 4 .1 2 .8 9 .5 474 150 200 1 4 + 0 7 , + 1 0 3 . 19 x 1 0 - 3 5 0 2 4 1 5 5 .7
470 150 200 1 4 - 0 7 - 0 4 3 .8 0  x  1 0 - 3 4 .4 2 .1 1 .8 5 .2 473 150 200 1 4 + 0 4 , + 0 7 7 42  x 1 0 - 3 3 0 1 0 0 9 3 .3
471 150 200 1 4 - 0 4 0 0 4 .0 4  x  1 0 - 3 3 .8 1 .3 1.2 4 .2 472 150 200 1 4 0 0 ,  + 0 4 5 . 4 8  x 1 0 - 3 3 3 0 8 0 9 3 .5
475 150 200 4 1 6 - 1 0 - 0 7 4 .7 8  x  1 0 - 4 2 4 .4 1 4 .5 3. 2 2 8 .6 480 150 200 4 1 6 + 0 7 , + 1 0 1 06  x 1 0 - 3 8  4 5 8 2 2 1 0 .4
476 150 200 4 1 6 - 0 7 - 0 4 3 .1 2  x  1 0 - 3 4 .9 2 .4 2 .0 5 .9 479 150 200 4 1 6 + 0 4 , + 0 7 6 69  x 1 0 - 3 3 1 2 0 0 9 3 .8
47 7 150 200 4 1 6 - 0 4 0 0 3 .8 4  x  1 0 - 3 3 .8 1 .4 1.2 4 .2 4 7 8 150 200 4 1 6 0
o+o
4 5 . 4 8  x 1 0 - 3 3 1 1 1 0 8 3 .4
481 150 200 6 1 8 - 1 0 - 0 7 486 150 200 6 1 8 + 0 7 , + 1 0
482 150 200 6 1 8 - 0 7 - 0 4 1 .9 6  x  1 0 - 3 5 .9 2 .0 2 .0 6 .5 485 150 200 6 1 8 + 0 4 , + 0 7 5 25 x 1 0 - 3 3 5 1 2 0 9 3 .8
483 150 200 6 1 8 - 0 4 0 0 3 .6 5  x  1 0 - 3 3 .9 1 .6 1.5 4 .5 484 150 200 6 1 8 0 0 ,  + 0 4 5 22 x 1 0 - 3 3 2 1 1 0 8 3 .5
48 7 150 200 8 2 0 - 1 0 - 0 7 492 150 200 8 2 0 + 0 7 , + 1 0
48 8 150 200 8 2 0 - 0 7 - 0 4 5 . 6 7 x 1 0 - 4 1 1 .8 4 .8 4. 4 13 .4 491 150 200 8 2 0 + 0 4 ,  + 0 7 1 62  x 1 0 - 3 6 4 1 9 1 6 6 .9
489 150 200 8 2 0 - 0 4 0 0 3 .3 6  x  1 0 - 3 3 .8 0 .9 1.0 4 .0 490 150 200 8 2 0 0 0 ,  + 0 4 5 . 16 x 1 0 - 3 3 0 0 9 0 7 3 .2
493 150 200 2 0 2 2 - 1 0 - 0 7 4 9 8 150 200 2 0 2 2 + 0 7 , + 1 0
494 150 200 2 0 2 2 - 0 7 - 0 4 4 9 7 150 200 2 0 2 2 + 0 4 , + 0 7
495 150 200 2 0 2 2 - 0 4 0 0 2 . 4 7 x 1 0 - 3 4 .4 1 .7 1.3 4 .9 496 150 200 2 0 2 2 0 0 ,  + 0 4 3 . 6 8  x 1 0 - 3 3 5 1 2 0 8 3 .8
499 150 200 2 2 4 - 1 0 - 0 7 504 150 200 2 2 4 + 0 7 , + 1 0
500 150 200 2 2 4 - 0 7 - 0 4 503 150 200 2 2 4 + 0 4 ,  + 0 7
501 150 200 2 2 4 - 0 4 0 0 8 .9 3  x  1 0 - 4 7 .0 2 .0 1 .7 7 .5 502 150 200 2 2 4 0 0 ,  + 0 4 1 . 15 x 1 0 - 3 6 3 1 8 1 3 6 .6
T a b le  7. T h e  com bined B orn-level triple-differential cross section  d?a/dmu&\yu\&cos 0*. T he 
m easurem ents are listed together w ith the s ta tis tica l (5stat), uncorrelated  system atic  (^Unc), corre­
lated  system atic  (^Sort ), and to ta l (£total) uncertainties. T h e  lum inosity u n certain ty  o f 1.9%  is not 
shown and not included in the overall system atic  and to ta l uncertainties.














B i n  m e e yee c o s 9 * d 3a ^ s t a t £ s y s t £ s y s t ^ t o t a l B i n m e e y e e c o s 9 * d 3 ^
^ s t a t £ s y s t £ s y s t ^ t o t a l
[ G e V ] [ p b / G e V ] [%] [%] [ %  ] [%] [ G e V ] [ p b / G e V ] [%] [%] [ %  ] [%]
1 6 6 8 0 1 2 1 6 - 1 . 0 , - 0 .7 1 . 0 6  X  1 0 - 2 6 . 4 8 . 1 1 2 . 4 1 6 . 1 6 6 6 , 8 0 1 2 , 1 .6 + o +  1 . 0 6 . 2 9  X  1 0 - 3 7 .  8 1 1 . 0 1 6 . 1 2 1 . 0
2  6 6 8 0 1 2 1 6 - 0 . 7 , - 0 .4 9 . 2 4  X  1 0 - 4 1 6 . 2 1 5 . 4 1 5 . 3 2 7 . 1 5 6 6 , 8 0 1 2 , 1 .6 + O + 0 . 7 6 . 9 7 X 1 0 -
4 1 5 . 7 1 3 .  1 1 5 . 5 2 5 . 7
3  6 6 8 0 1 2 1 6 - 0 . 4 , 0 . — — — — — 4 6 6 , 8 0 1 2 , 1 .6 0 . 0 , + 0 . 4
7  6 6 8 0 1 6 2 0 - 1 . 0 , - 0 .7 3 . 8 9  X  1 0 - 2 3 . 9 3 . 8 7 .  0 8 . 9 1 2 6 6 , 8 0 1 6 , 2 .0 + o +  1 . 0 2 . 2 4 X 1 0 - 2 5 . 1 6 . 7 1 0 . 4 1 3 . 3
8  6 6 8 0 1 6 2 0 - 0 . 7 , - 0 .4 6 . 5 4 X  1 0 - 2 2 . 8 2 . 6 5 . 1 6 . 4 11 6 6 , 8 0 1 6 , 2 .0 + O + 0 . 7 4 . 2 7  X  1 0 -
2 3 .  2 3 .  5 6 . 1 7 . 8
9  6 6 8 0 1 6 2 0 -  0 . 4 , 0 .0 — — — — — 1 0 6 6 , 8 0 1 6 , 2 .0 0 . 0 , + 0 . 4
1 3  6 6 8 0 2 0 2 4 - 1 . 0 , - 0 .7 4 . 2 8  X  1 0 - 2 6 . 2 6 . 6 1 3 .  1 1 6 . 0 1 8 6 6 , 8 0 2 0 , 2 . 4 + o + 1 . 0 2 . 0 8  X  1 0 - 2 7 .  3 8 . 6 2 5 . 4 2 7 . 8
1 4  6 6 8 0 2 0 2 4 - 0 . 7 , - 0 .4 1 . 8 9  X  1 0 - 1 2 . 0 2 . 1 4 .  4 5 . 2 1 7 6 6 , 8 0 2 0 , 2 . 4 + O + 0 . 7 9 . 9 7 X 1 0 -
2 2 . 6 3 .  4 6 . 0 7 . 3
1 5  6 6 8 0 2 0 2 4 -  0 . 4 , 0 .0 5 . 1 0 X  1 0 - 2 2 . 5 2 . 5 5 . 4 6 . 5 1 6 6 6 , 8 0 2 0 , 2 . 4 0 . 0 , + 0 . 4 3 . 5 5  X  1 0 - 2 2 . 8 3 .  2 6 . 3 7 . 6
1 9  6 6 8 0 2 4 2 8 - 1 . 0 , - 0 . 7 3 . 9 1  X  1 0 - 2 3 . 5 3 . 8 1 9 .  5 2 0 . 2 2 4 6 6 , 8 0 2 4 , 2 .8 + o + 1 . 0 1 . 6 5  X  1 0 - 2 4 .  3 5 . 7 2 6 . 9 2 7 . 9
2 0  6 6 8 0 2 4 2 8 - 0 . 7 , - 0 .4 1 . 8 9  X  1 0 - 1 2 . 2 2 . 2 1 1 . 3 1 1 . 8 2 3 6 6 , 8 0 2 4 , 2 .8 + O + 0 . 7 8 . 9 8  X  1 0 -
2 2 . 7 3 .  1 1 7 . 5 1 8 . 0
2 1  6 6 8 0 2 4 2 8 -  0 . 4 , 0 .0 8 . 4 0  X  1 0 - 2 2 . 3 1 . 9 2 . 4 3 .  8 2 2 6 6 , 8 0 2 4 , 2 .8 0 . 0 , + 0 . 4 5 . 2 4 X 1 0 - 2 2 . 8 2 . 7 3 . 9 5 . 5
2 5  6 6 8 0 2 8 3 6 - 1 . 0 , - 0 .7 2 . 1 4  X  1 0 - 2 3 . 0 3 . 1 1 8 . 4 1 8 . 9 3 0 6 6 , 8 0 2 8 , 3 .6 + o + 1 . 0 7 . 0 9  X  1 0 - 3 3 .  8 7 .  4 3 2 . 7 3 3 . 8
2 6  6 6 8 0 2 8 3 6 - 0 . 7 , - 0 .4 4 . 8 4 X  1 0 - 2 2 . 1 1 . 9 1 0 .  3 1 0 .  7 2 9 6 6 , 8 0 2 8 , 3 .6 + O + 0 . 7 1 . 7 9  X  1 0 -
2 2 . 8 3 .  2 1 5 . 2 1 5 . 7
2 7  6 6 8 0 2 8 3 6 -  0 . 4 , 0 .0 — — — — — 2 8 6 6 , 8 0 2 8 , 3 .6 0 . 0 , + 0 . 4
3 1  8 0 9 1 1 2 1 6 - 1 . 0 , - 0 .7 5 . 2 0  X  1 0 - 1 0 . 9 0 . 7 2 . 4 2 . 7 3 6 8 0 , 9 1 1 2 , 1 .6 + o + 1 . 0 5 . 2 9  X  1 0 - 1 0 .  9 0 .  7 2 . 6 2 . 8
3 2  8 0 9 1 1 2 1 6 - 0 . 7 , - 0 .4 3 . 0 7  X  1 0 - 2 3 . 6 2 . 6 3 .  4 5 . 6 3 5 8 0 , 9 1 1 2 , 1 .6 + O + 0 . 7 3 . 0 7 X 1 0 -
2 3 .  5 2 . 8 3 . 6 5 . 8
3 3  8 0 9 1 1 2 1 6 -  0 . 4 , 0 .0 — — — — — 3 4 8 0 , 9 1 1 2 , 1 .6 0 . 0 , + 0 . 4
3 7  8 0 9 1 1 6 2 0 - 1 . 0 , - 0 .7 1 . 2 6 0 . 7 0 . 4 2 . 7 2 . 8 4 2 8 0 , 9 1 1 6 , 2 .0 + o + 1 . 0 1 . 2 8 0 .  6 0 .  4 2 . 6 2 . 7
3 8  8 0 9 1 1 6 2 0 - 0 . 7 , - 0 .4 1 . 0 4 0 . 7 0 . 5 1 . 7 1 . 9 4 1 8 0 , 9 1 1 6 , 2 .0 + O + 0 . 7 1 . 0 4 0 .  7 0 .  5 1 . 7 1 . 9
3 9  8 0 9 1 1 6 2 0 -  0 . 4 , 0 .0 5 . 5 9  X  1 0 - 3 7 . 9 4 . 4 4 .  4 1 0 .  0 4 0 8 0 , 9 1 1 6 , 2 .0 0 . 0 , + 0 . 4 5 . 0 5  X  1 0 - 3 7 .  4 4 .  6 3 . 5 9 . 4
4 3  8 0 9 1 2 0 2 4 - 1 . 0 , - 0 . 7 1 . 2 8 0 . 9 0 . 8 2 . 7 2 . 9 4 8 8 0 , 9 1 2 0 , 2 . 4 + o + 1 . 0 1 . 2 4 0 .  9 0 .  7 2 . 6 2 . 9
4 4  8 0 9 1 2 0 2 4 - 0 . 7 , - 0 .4 2 . 7 1 0 . 5 0 . 4 1 . 4 1 . 5 4 7 8 0 , 9 1 2 0 , 2 . 4 + O + 0 . 7 2 . 6 6 0 .  5 0 .  4 1 . 5 1 . 6
4 5  8 0 9 1 2 0 2 4 -  0 . 4 , 0 .0 7 . 3 2  X  1 0 - 1 0 . 6 0 . 6 1 . 8 2 . 0 4 6 8 0 , 9 1 2 0 , 2 . 4 0 . 0 , + 0 . 4 7 . 2 3  X  1 0 - 1 0 .  6 0 .  6 1 . 9 2 . 1
4 9  8 0 9 1 2 4 2 8 - 1 . 0 , - 0 .7 1 . 1 4 0 . 7 0 . 6 3 .  2 3 .  4 5 4 8 0 , 9 1 2 4 , 2 .8 + o + 1 . 0 1 . 1 4 0 .  6 0 .  6 2 . 7 2 . 9
5 0  8 0 9 1 2 4 2 8 - 0 . 7 , - 0 .4 2 . 5 5 0 . 6 0 . 5 2 . 4 2 . 5 5 3 8 0 , 9 1 2 4 , 2 .8 + O + 0 . 7 2 . 5 2 0 .  6 0 .  5 2 . 5 2 . 6
5 1  8 0 9 1 2 4 2 8 -  0 . 4 , 0 .0 1 . 1 0 0 . 6 0 . 5 1 . 7 1 . 9 5 2 8 0 , 9 1 2 4 , 2 .8 0 . 0 , + 0 . 4 1 . 1 0 0 .  6 0 .  5 1 . 7 1 . 9
5 5  8 0 9 1 2 8 3 6 - 1 . 0 , - 0 .7 6 . 0 5  X  1 0 - 1 0 . 6 0 . 6 4 .  1 4 .  2 6 0 8 0 , 9 1 2 8 , 3 .6 + o + 1 . 0 5 . 9 7 X 1 0 - 1 0 .  6 0 .  6 4 . 0 4 . 1
5 6  8 0 9 1 2 8 3 6 - 0 . 7 , - 0 .4 5 . 9 5  X  1 0 - 1 0 . 5 0 . 5 4 .  6 4 .  6 5 9 8 0 , 9 1 2 8 , 3 .6 + O + 0 . 7 5 . 8 4 X 1 0 -
1 0 .  5 0 .  5 4 . 5 4 . 5
5 7  8 0 9 1 2 8 3 6 -  0 . 4 , 0 .0 — — — — — 5 8 8 0 , 9 1 2 8 , 3 .6 0 . 0 , + 0 . 4
6 1  9 1 1 0 2 1 2 1 6 - 1 . 0 , - 0 .7 6 . 5 3  X  1 0 - 1 0 . 8 0 . 6 2 . 2 2 . 4 6 6 9 1  , 1 0 2 1 2 , 1 .6 + o + 1 . 0 7 . 5 5  X  1 0 - 1 0 .  8 0 .  6 2 . 3 2 . 5
6 2  9 1 1 0 2 1 2 1 6 - 0 . 7 , - 0 .4 3 . 6 4 X  1 0 - 2 3 . 5 2 . 8 2 . 7 5 . 2 6 5 9 1  , 1 0 2 1 2 , 1 .6 + O + 0 . 7 3 . 8 8  X  1 0 -
2 3 .  5 3 .  0 3 . 2 5 . 6
6 3  9 1 1 0 2 1 2 1 6 -  0 . 4 , 0 .0 — — — — — 6 4 9 1  , 1 0 2 1 2 , 1 .6 0 . 0 , + 0 . 4
6 7  9 1 1 0 2 1 6 2 0 - 1 . 0 , - 0 .7 1 . 5 2 0 . 6 0 . 4 2 . 2 2 . 3 7 2 9 1  , 1 0 2 1 6 , 2 .0 + o + 1 . 0 1 . 7 8 0 .  6 0 .  4 2 . 1 2 . 3
6 8  9 1 1 0 2 1 6 2 0 - 0 . 7 , - 0 .4 1 . 1 3 0 . 7 0 . 5 1 . 5 1 . 7 71 9 1  , 1 0 2 1 6 , 2 .0 + O + 0 . 7 1 . 2 9 0 .  7 0 .  4 1 . 4 1 . 6
6 9  9 1 1 0 2 1 6 2 0 -  0 . 4 , 0 .0 6 . 1 5 X  1 0 - 3 7 . 6 6 . 1 6 . 4 1 1 . 6 7 0 9 1  , 1 0 2 1 6 , 2 .0 0 . 0 , + 0 . 4 5 . 7 3  X  1 0 - 3 8 . 0 6 . 7 6 . 3 1 2 . 2
7 3  9 1 1 0 2 2 0 2 4 - 1 . 0 , - 0 .7 1 . 4 8 0 . 9 0 . 7 2 . 3 2 . 6 7 8 9 1  , 1 0 2 2 0 , 2 . 4 + o + 1 . 0 1 . 8 1 0 .  8 0 .  6 2 . 2 2 . 4
7 4  9 1 1 0 2 2 0 2 4 - 0 . 7 , - 0 .4 2 . 9 4 0 . 5 0 . 3 1 . 6 1 . 7 7 7 9 1  , 1 0 2 2 0 , 2 . 4 + O + 0 . 7 3 .  4 8 0 .  4 0 .  3 1 . 5 1 . 6
7 5  9 1 1 0 2 2 0 2 4 -  0 . 4 , 0 .0 8 . 0 6  X  1 0 - 1 0 . 7 0 . 6 1 . 6 1 . 9 7 6 9 1  , 1 0 2 2 0 , 2 . 4 0 . 0 , + 0 . 4 8 . 9 7 X 1 0 - 1 0 .  6 0 .  6 1 . 5 1 . 7
7 9  9 1 1 0 2 2 4 2 8 - 1 . 0 , - 0 .7 1 . 2 5 0 . 7 0 . 6 2 . 3 2 . 5 8 4 9 1  , 1 0 2 2 4 , 2 .8 + o + 1 . 0 1 . 6 5 0 .  6 0 .  5 2 . 3 2 . 4
8 0  9 1 1 0 2 2 4 2 8 - 0 . 7 , - 0 .4 2 . 6 3 0 . 6 0 . 5 2 . 0 2 . 1 8 3 9 1  , 1 0 2 2 4 , 2 .8 + O + 0 . 7 3 .  3 3 0 .  5 0 .  5 1 . 8 2 . 0
8 1  9 1 1 0 2 2 4 2 8 -  0 . 4 , 0 .0 1 . 2 4 0 . 6 1 . 0 1 . 7 2 . 1 8 2 9 1  , 1 0 2 2 4 , 2 .8 0 . 0 , + 0 . 4 1 . 4 1 0 .  6 0 .  8 1 . 5 1 . 8
8 5  9 1 1 0 2 2 8 3 6 - 1 . 0 , - 0 .7 6 . 5 4 X  1 0 - 1 0 . 6 0 . 6 3 .  0 3 .  1 9 0 9 1  , 1 0 2 2 8 , 3 .6 + o + 1 . 0 9 . 0 9  X  1 0 - 1 0 .  5 0 .  6 2 . 9 3 . 0
8 6  9 1 1 0 2 2 8 3 6 - 0 . 7 , - 0 .4 5 . 6 6  X  1 0 - 1 0 . 6 0 . 5 3 .  3 3 .  4 8 9 9 1  , 1 0 2 2 8 , 3 .6 + O + 0 . 7 7 . 5 7  X  1 0 -
1 0 .  5 0 .  4 2 . 5 2 . 6
8 7  9 1 1 0 2 2 8 3 6 -  0 . 4 , 0 .0 — — — — — 8 8 9 1  , 1 0 2 2 8 , 3 .6 0 . 0 , + 0 . 4
9 1  1 0 2 1 1 6 1 2 1 6 - 1 . 0 , - 0 .7 3 . 0 9  X  1 0 - 2 4 . 6 6 . 3 1 1 . 4 1 3 .  8 9 6 1 0 2 , 1 1 6 1 2 , 1 .6 + o + 1 . 0 5 . 4 9  X  1 0 - 2 3 .  3 4 .  0 6 . 5 8 . 3
9 2  1 0 2 1 1 6 1 2 1 6 - 0 . 7 , - 0 .4 1 . 0 6  X  1 0 - 3 2 3 . 7 2 2 . 9 3 3 . 4 4 6 . 9 9 5 1 0 2 , 1 1 6 1 2 , 1 .6 + O + 0 . 7 1 . 6 4  X  1 0 -
3 2 0 . 6 2 9 . 7 2 4 . 2 4 3 . 5
9 3  1 0 2 1 1 6 1 2 1 6 -  0 . 4 , 0 .0 — — — — — 9 4 1 0 2 , 1 1 6 1 2 , 1 .6 0 . 0 , + 0 . 4
9 7  1 0 2 1 1 6 1 6 2 0 - 1 . 0 , - 0 .7 5 . 2 0  X  1 0 - 2 3 . 8 4 . 0 8 . 5 1 0 .  1 1 0 2 1 0 2 , 1 1 6 1 6 , 2 .0 + o + 1 . 0 1 . 0 5  X  1 0 - 1 2 . 6 2 . 4 5 . 0 6 . 2
9 8  1 0 2 1 1 6 1 6 2 0 - 0 . 7 , - 0 .4 3 . 1 5  X  1 0 - 2 4 . 4 4 . 4 4 .  9 8 . 0 1 0 1 1 0 2 , 1 1 6 1 6 , 2 .0 + O + 0 . 7 5 . 3 2  X  1 0 -
2 3 .  3 3 .  0 3 . 5 5 . 7
9 9  1 0 2 1 1 6 1 6 2 0 -  0 . 4 , 0 .0 — — — — — 1 0 0 1 0 2 , 1 1 6 1 6 , 2 .0 0 . 0 , + 0 . 4
1 0 3  1 0 2 1 1 6 2 0 2 4 - 1 . 0 , - 0 .7 4 . 2 4 X  1 0 - 2 5 . 3 5 . 0 1 5 . 5 1 7 .  1 1 0 8 1 0 2 , 1 1 6 2 0 , 2 . 4 + o + 1 . 0 1 . 0 6  X  1 0 - 1 3 .  2 3 .  1 7 . 8 9 . 0
1 0 4  1 0 2 1 1 6 2 0 2 4 - 0 . 7 , - 0 .4 6 . 9 6  X  1 0 - 2 3 . 2 3 . 5 5 . 9 7 .  6 1 0 7 1 0 2 , 1 1 6 2 0 , 2 . 4 + O + 0 . 7 1 . 3 8  X  1 0 -
1 2 . 4 2 . 2 4 . 4 5 . 4
1 0 5  1 0 2 1 1 6 2 0 2 4 -  0 . 4 , 0 .0 2 . 4 2  X  1 0 - 2 4 . 0 4 . 4 5 . 9 8 . 4 1 0 6 1 0 2 , 1 1 6 2 0 , 2 . 4 0 . 0 , + 0 . 4 3 . 1 5  X  1 0 - 2 3 .  5 3 .  5 4 . 0 6 . 3
1 0 9  1 0 2 1 1 6 2 4 2 8 - 1 . 0 , - 0 .7 3 . 0 5  X  1 0 - 2 3 . 8 4 . 6 2 2 . 0 2 2 . 8 1 1 4 1 0 2 , 1 1 6 2 4 , 2 .8 + o + 1 . 0 9 . 6 9  X  1 0 - 2 2 . 2 2 . 4 1 0 . 5 1 1 . 0
1 1 0  1 0 2 1 1 6 2 4 2 8 - 0 . 7 , - 0 .4 5 . 2 8  X  1 0 - 2 4 . 3 4 . 5 1 1 . 4 1 2 . 9 1 1 3 1 0 2 , 1 1 6 2 4 , 2 .8 + O + 0 . 7 1 . 3 6  X  1 0 -
1 2 . 7 2 . 6 8 . 4 9 . 2
1 1 1  1 0 2 1 1 6 2 4 2 8 -  0 . 4 , 0 .0 3 . 0 6  X  1 0 - 2 4 . 0 5 . 1 6 . 9 9 .  5 1 1 2 1 0 2 , 1 1 6 2 4 , 2 .8 0 . 0 , + 0 . 4 5 . 1 9  X  1 0 - 2 3 .  1 3 .  3 4 . 8 6 . 6
1 1 5  1 0 2 1 1 6 2 8 3 6 - 1 . 0 , - 0 .7 1 . 4 4  X  1 0 - 2 3 . 4 3 . 9 3 5 . 9 3 6 . 3 1 2 0 1 0 2 , 1 1 6 2 8 , 3 .6 + o + 1 . 0 5 . 1 8  X  1 0 - 2 2 . 0 1 . 8 1 9 . 3 1 9 . 4
1 1 6  1 0 2 1 1 6 2 8 3 6 - 0 . 7 , - 0 .4 1 . 0 0  X  1 0 - 2 4 . 2 4 . 6 2 4 . 8 2 5 . 5 1 1 9 1 0 2 , 1 1 6 2 8 , 3 .6 + O + 0 . 7 3 . 2 7 X 1 0 -
2 2 . 4 2 . 1 1 4 . 2 1 4 . 6
1 1 7  1 0 2 1 1 6 2 8 3 6 -  0 . 4 , 0 .0 — — — — — 1 1 8 1 0 2 , 1 1 6 2 8 , 3 .6 0 . 0 , + 0 . 4
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B i n  m e e
[ G e V ]
1 y e e  1 c o s 9 * d 3 ^
[ p b / G e V ]
^ s t a t
[%]
5 s y s t
[%]
5 s y s t
[ %  ]
^ t o t a l
[%]
B i n m e e
[ G e V ]
|ye e  1 c o s  9 * d 3 ^
[ p b / G e V ]
^ s t a t
[%]
5 s y s t
[%]
5 s y s t
[%  ]
^ t o t a l
[%]
1 2 1  1 1 6 , 1 5 0 1 . 2 ,  1 . 6 - 1 . 0 , - 0 .7 6 . 3 8  X  1 0 - 3 9 . 4 1 3 . 8 3 6 . 2 3 9 . 9 1 2 6 1 1 6 , 1 5 0 1 . 2 ,  1 . 6 + 0 . 7 ,  + 1 . 0 1 . 6 5  X  1 0 - 2 4 .  7 5 . 6 1 4 . 4 1 6 . 1
1 2 2  1 1 6 , 1 5 0 1 . 2 ,  1 . 6 - 0 . 7 , - 0 .4 — — — — 1 2 5 1 1 6 , 1 5 0 1 . 2 ,  1 . 6 + 0 . 4 ,  + 0 . 7 4 . 0 5  X  1 0 - 4 3 3 . 3 5 5 . 4 4 3 . 5 7 8 . 0
1 2 3  1 1 6 , 1 5 0 1 . 2 ,  1 . 6 - 0 . 4 , 0 .0 — — — — 1 2 4 1 1 6 , 1 5 0 1 . 2 ,  1 . 6 0 . 0 ,  + 0 . 4
1 2 7  1 1 6 , 1 5 0 1 . 6 ,  2 . 0 - 1 . 0 , - 0 .7 9 . 5 6  X 1 0 - 3 8 . 4 1 1 . 4 2 9 . 7 3 2 . 9 1 3 2 1 1 6 , 1 5 0 1 . 6 ,  2 . 0 + 0 . 7 ,  + 1 . 0 2 . 9 1  X  1 0 - 2 3 .  9 6 . 2 9 . 9 1 2 . 3
1 2 8  1 1 6 , 1 5 0 1 . 6 ,  2 . 0 - 0 . 7 , - 0 .4 4 . 6 2  X 1 0 - 3 7 . 6 1 0 . 1 9 .  1 1 5 . 6 1 3 1 1 1 6 , 1 5 0 1 . 6 ,  2 . 0 + 0 . 4 ,  + 0 . 7 1 . 1 6  X  1 0 -  2 4 .  4 5 . 1 3 . 3 7 . 5
1 2 9  1 1 6 , 1 5 0 1 . 6 ,  2 . 0 -  0 . 4 , 0 .0 — — — — 1 3 0 1 1 6 , 1 5 0 1 . 6 ,  2 . 0 0 . 0 ,  + 0 . 4
1 3 3  1 1 6 , 1 5 0 2 . 0 ,  2 . 4 - 1 . 0 , - 0 .7 7 .  4 2  X 1 0 - 3 1 1 . 5 1 6 . 3 4 6 . 1 5 0 . 3 1 3 8 1 1 6 , 1 5 0 2 . 0 ,  2 . 4 + 0 . 7 ,  + 1 . 0 3 . 0 0  X  1 0 - 2 4 .  1 5 . 2 1 1 . 3 1 3 . 1
1 3 4  1 1 6 ,  1 5 0 2 . 0 ,  2 . 4 - 0 . 7 , - 0 .4 1 . 2 1  X 1 0 - 2 5 . 5 6 . 4 1 1 . 2 1 4 .  0 1 3 7 1 1 6 , 1 5 0 2 . 0 ,  2 . 4 + 0 . 4 ,  + 0 . 7 3 . 0 3  X  1 0 - 2 3 .  6 3 .  8 4 . 7 7 . 0
1 3 5  1 1 6 ,  1 5 0 2 . 0 ,  2 . 4 -  0 . 4 , 0 .0 3 .  4 8  X 1 0 - 3 7 . 2 1 2 . 2 1 4 .  1 2 0 . 1 1 3 6 1 1 6 , 1 5 0 2 . 0 ,  2 . 4 0 . 0 ,  + 0 . 4 7 . 2 9  X  1 0 - 3 4 .  7 5 . 9 5 . 6 9 . 4
1 3 9  1 1 6 , 1 5 0 2 . 4 ,  2 . 8 - 1 . 0 , - 0 .7 3 .  3 6  X 1 0 - 3 1 6 . 2 1 8 . 3 3 0 . 4 3 9 . 0 1 4 4 1 1 6 , 1 5 0 2 . 4 ,  2 . 8 + 0 . 7 ,  + 1 . 0 2 . 8 7 X 1 0 - 2 3 .  3 3 .  0 4 . 3 6 . 2
1 4 0  1 1 6 , 1 5 0 2 . 4 ,  2 . 8 - 0 . 7 , - 0 .4 8 . 1 3 X 1 0 - 3 7 . 6 1 0 . 9 1 1 . 6 1 7 .  6 1 4 3 1 1 6 , 1 5 0 2 . 4 ,  2 . 8 + 0 . 4 ,  + 0 . 7 2 . 8 8  X  1 0 - 2 3 .  8 3 .  8 3 . 9 6 . 7
1 4 1  1 1 6 , 1 5 0 2 . 4 ,  2 . 8 -  0 . 4 , 0 .0 5 . 6 1  X 1 0 - 3 5 . 9 7 . 0 7 .  1 1 1 . 6 1 4 2 1 1 6 , 1 5 0 2 . 4 ,  2 . 8 0 . 0 ,  + 0 . 4 1 . 0 5  X  1 0 -  2 4 .  5 4 .  7 3 . 8 7 . 5
1 4 5  1 1 6 , 1 5 0 2 . 8 ,  3 . 6 - 1 . 0 , - 0 .7 1 . 6 8  X 1 0 - 3 1 1 . 1 1 3 . 6 3 2 . 3 3 6 . 8 1 5 0 1 1 6 , 1 5 0 2 . 8 ,  3 . 6 + 0 . 7 ,  + 1 . 0 1 . 2 1  X  1 0 - 2 3 .  1 3 .  6 6 . 8 8 . 3
1 4 6  1 1 6 , 1 5 0 2 . 8 ,  3 . 6 - 0 . 7 , - 0 .4 1 . 3 9  X 1 0 - 3 8 . 8 1 1 . 4 1 4 .  1 2 0 . 1 1 4 9 1 1 6 , 1 5 0 2 . 8 ,  3 . 6 + 0 . 4 ,  + 0 . 7 6 . 4 1  X  1 0 - 3 3 .  7 4 .  0 3 . 8 6 . 6
1 4 7  1 1 6 , 1 5 0 2 . 8 ,  3 . 6 -  0 . 4 , 0 .0 — — — — 1 4 8 1 1 6 , 1 5 0 2 . 8 ,  3 . 6 0 . 0 ,  + 0 . 4
Table 8 . T h e  high rap id ity  electron channel Born-level triple-differential cross section 
d3<7/dm££d|y«|dcos0 * . T h e  m easurem ents are listed together w ith th e  sta tis tica l ( + tat), uncor­
related  system atic  (^Unc), correlated  system atic  (^ 0 ^ ) , and to ta l ( + otal) uncertainties. T h e  lu­
m inosity  u n certain ty  o f 1.9%  is not shown and not included in th e  overall system atic  and to ta l 
uncertainties.
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A .3 Forw ard-backw ard asym m etry tables
T a b le  9 . T h e  asym m etry  A FB determ ined from  the com bined triple-differential cross-section m ea­
surem ents. T h e  m easurem ents are listed together w ith the sta tis tica l (A stat), uncorrelated  system ­
a tic  (Aunfc), correlated  system atic  (ACOf), and to ta l (A total) uncertainties.














1 vu  1
[G e V ]
a F B
^ s t a t ^ s y s t ^ s y s t ^  t o t a l \vn\
[ G e V ]
a F B
s t a t ^ s y s t ^ s y s t ^  t o t a l
0 . 0 0 . 2 4 6 6 6 - 5 . 9 7 X 0 - 5 . 6 X 1 0 - 4 . 5  X 1 0 - 7 . 2 x  1 0 - 4 7 . 3 X 1 0 - 3 0 . 2 0 . 4 4 6 6 6 - 8 . 1 2 X 1 0 - 3 5 . 7 X 1 0 - 3 4 . 7  X 1 0 - 3 8 . 7  X 1 0 - 4 7 . 4 x  1 0 - 3
0 . 0 0 . 2 6 6 8 0 -  2 . 4 8 X 0 - 4 4 . 2  X 1 0 - 2 . 3 X 1 0 - 7 . 5  X 1 0 - 4 4 . 8 X 1 0 - 3 0 . 2 0 . 4 6 6 8 0 - 2 . 6 1 X 1 0 - 2 4 . 2  X 1 0 - 3 2 . 3 X 1 0 - 3 6 . 7  X 1 0 - 4 4 . 9 x  1 0 - 3
0 . 0 0 . 2 8 0 9 1 8 . 2 6 X 0 - 4 1 . 1 X 1 0 - 5 . 6 X 1 0 - 4 3 . 5  X 1 0 - 4 1 . 3  X 1 0 - 3 0 . 2 0 . 4 8 0 9 1 1 . 8 5 X 1 0 - 3 1 . 1 x  1 0 - 3 5 . 5  X 1 0 - 4 5 . 5  X 1 0 - 4 1 . 4 x  1 0 - 3
0 . 0 0 . 2 9 1 1 0 2 3 . 7 8 X 0 - 1 . 1 X 1 0 - 5 . 1 X 1 0 - 4 3 . 2  X 1 0 - 4 1 . 2  X 1 0 - 3 0 . 2 0 . 4 9 1 1 0 2 6 .  4 9 X 1 0 - 3 1 . 1 x  1 0 - 3 5 . 0 X 1 0 - 4 5 . 1  X 1 0 - 4 1 . 3  X 1 0 - 3
0 . 0 0 . 2 1 0 2 1 1 6 1 . 2 9 X 0 - 5 . 3 X 1 0 - 2 . 5 X 1 0 - 9 . 1  X 1 0 - 4 5 . 9  X 1 0 - 3 0 . 2 0 . 4 1 0 2 1 1 6 2 . 5 9 X 1 0 - 2 5 . 3 X 1 0 - 3 2 . 5  X 1 0 - 3 1 . 1 X 1 0 - 3 5 . 9  X 1 0 - 3
0 . 0 0 . 2 1 1 6 1 5 0 2 . 6 0 X 1 0 - 8 . 3 X 1 0 - 3 . 3 X 1 0 - 1 . 3 X 1 0 - 9 . 0 X 1 0 - 3 0 . 2 0 . 4 1 1 6 1 5 0 5 . 6 9 X 1 0 - 2 8 . 4  X 1 0 - 3 3 . 6  X 1 0 - 3 1 . 5  x 1 0 - 3 9 . 2  X 1 0 - 3
0 . 0 0 . 2 1 5 0 2 0 0 1 . 8 8 X 1 0 - 1 . 6 X 1 0 - 5 . 8 X 1 0 - 2 . 9 X 1 0 - 1 . 7  X 1 0 - 2 0 . 2 0 . 4 1 5 0 2 0 0 5 . 1 1 X 1 0 - 2 1 . 6 X 1 0 - 2 6 . 9  X 1 0 - 3 4 . 2  x 1 0 - 3 1 . 8  X 1 0 - 2
0 . 4 0 . 6 4 6 6 6 - 2 . 7 1 X 1 0 - 5 . 9 X 1 0 - 4 . 5  X 1 0 - 9 . 1  X 1 0 - 4 7 . 5 X 1 0 - 3 0 . 6 0 . 8 4 6 6 6 - 2 . 9 6 X 1 0 - 2 5 . 7 X 1 0 - 3 4 . 3  X 1 0 - 3 9 . 5  x 1 0 - 4 7 . 2  X 1 0 - 3
0 . 4 0 . 6 6 6 8 0 - 2 . 7 6 X 1 0 - 4 . 3 X 1 0 - 2 . 3 X 1 0 - 7 . 6 X 1 0 - 4 4 . 9 X 1 0 - 3 0 . 6 0 . 8 6 6 8 0 - 5 . 2 7 X 1 0 - 2 4 . 4  X 1 0 - 3 2 . 5  X 1 0 - 3 9 . 2  x 1 0 - 4 5 . 1  X 1 0 - 3
0 . 4 0 . 6 8 0 9 1 2 . 6 1 X 1 0 - 1 . 1 X 1 0 - 5 . 5 X 1 0 - 4 6 . 0 X 1 0 - 4 1 . 4 x  1 0 - 3 0 . 6 0 . 8 8 0 9 1 1 . 4 8 X 1 0 - 3 1 . 1 x  1 0 - 3 5 . 6 X 1 0 - 4 6 . 6  X 1 0 - 4 1 . 4 x  1 0 - 3
0 . 4 0 . 6 9 1 1 0 2 1 . 2 3 X 1 0 - 1 . 1 X 1 0 - 5 . 2 X 1 0 - 4 5 . 7 X 1 0 - 4 1 . 3  X 1 0 - 3 0 . 6 0 . 8 9 1 1 0 2 1 . 7 4 X 1 0 - 2 1 . 1 x  1 0 - 3 5 . 1  X 1 0 - 4 6 . 4  X 1 0 - 4 1 . 4  X 1 0 - 3
0 . 4 0 . 6 1 0 2 1 1 6 4 . 3 9 X 1 0 - 5 . 2 X 1 0 - 2 . 6 X 1 0 - 1 . 2 X 1 0 - 6 . 0 X 1 0 - 3 0 . 6 0 . 8 1 0 2 1 1 6 5 . 3 7 X 1 0 - 2 5 . 2  X 1 0 - 3 2 . 7 X 1 0 - 3 1 . 7 X 1 0 - 3 6 . 1  X 1 0 - 3
0 . 4 0 . 6 1 1 6 1 5 0 7 . 3 9 X 1 0 - 8 . 5  X 1 0 - 3 . 3 X 1 0 - 1 . 7 X 1 0 - 9 . 3 X 1 0 - 3 0 . 6 0 . 8 1 1 6 1 5 0 1 . 0 6 X 1 0 - 1 8 . 3  X 1 0 - 3 3 . 1  X 1 0 - 3 1 . 8 X 1 0 - 3 9 . 1  X 1 0 - 3
0 . 4 0 . 6 1 5 0 2 0 0 1 . 0 1 X 1 0 - 1 1 . 6 X 1 0 - 5 . 8 X 1 0 - 2 . 7 X 1 0 - 1 . 7  X 1 0 - 2 0 . 6 0 . 8 1 5 0 2 0 0 1 . 3 7 X 1 0 - 1 1 . 6 X 1 0 - 2 5 . 3 X 1 0 - 3 3 . 2  X 1 0 - 3 1 . 7  X 1 0 - 2
0 . 8 1 . 0 4 6 6 6 - 4 . 2 8 X 1 0 - 5 . 8 X 1 0 - 4 . 4 X 1 0 - 8 . 9 X 1 0 - 4 7 . 3 X 1 0 - 3 1 . 0 1 . 2 4 6 6 6 - 5 . 6 0 X 1 0 - 2 5 . 7 X 1 0 - 3 4 . 2  X 1 0 - 3 1 . 2  x 1 0 - 3 7 . 2  X 1 0 - 3
0 . 8 1 . 0 6 6 8 0 -  7 . 0 3 X 1 0 - 4 . 4 X 1 0 - 2 . 4 X 1 0 - 9 . 0 X 1 0 - 4 5 . 1 X 1 0 - 3 1 . 0 1 .2 6 6 8 0 - 8 . 7 6 X 1 0 - 2 4 . 3  X 1 0 - 3 2 . 4 X 1 0 - 3 9 . 5  X 1 0 - 4 5 . 0 x  1 0 - 3
0 . 8 1 . 0 8 0 9 1 -  7 . 4 2 X 1 0 - 1 . 1 X 1 0 - 5 . 7 X 1 0 - 4 7 . 5  X 1 0 - 4 1 . 5  X 1 0 - 3 1 . 0 1 . 2 8 0 9 1 8 . 9 0 X 1 0 - 1 . 1 x  1 0 - 3 5 . 7 X 1 0 - 4 7 . 8  X 1 0 - 4 1 . 5  X 1 0 - 3
0 . 8 1 . 0 9 1 1 0 2 2 . 3 3 X 1 0 - 1 . 1 X 1 0 - 5 . 2 X 1 0 - 4 6 . 9 X 1 0 - 4 1 . 4  X 1 0 - 3 1 . 0 1 . 2 9 1 1 0 2 2 . 8 8 X 1 0 - 2 1 . 1 x  1 0 - 3 5 . 1  X 1 0 - 4 7 . 4  X 1 0 - 4 1 . 4 x  1 0 - 3
0 . 8 1 . 0 1 0 2 1 1 6 9 . 1 5 X 1 0 - 5 . 2 X 1 0 - 2 . 8 X 1 0 - 1 . 6 X 1 0 - 6 . 1 X 1 0 - 3 1 . 0 1 . 2 1 0 2 1 1 6 1 . 1 0 X 1 0 - 1 5 . 1  X 1 0 - 3 2 . 7 X 1 0 - 3 1 . 7 X 1 0 - 3 6 . 0 x  1 0 - 3
0 . 8 1 . 0 1 1 6 1 5 0 1 . 2 8 X 1 0 - 1 8 . 4 X 1 0 - 3 . 4 X 1 0 - 1 . 8 X 1 0 - 9 . 2 X 1 0 - 3 1 . 0 1 . 2 1 1 6 1 5 0 1 . 6 8 X 1 0 - 1 8 . 4  X 1 0 - 3 3 . 6  X 1 0 - 3 2 . 0 X 1 0 - 3 9 . 3 x  1 0 - 3
0 . 8 1 . 0 1 5 0 2 0 0 1 . 6 9 X 1 0 - 1 1 . 6 X 1 0 - 5 . 3 X 1 0 - 4 . 0 X 1 0 - 1 . 7  X 1 0 - 2 1 . 0 1 . 2 1 5 0 2 0 0 2 . 3 6 X 1 0 - 1 1 . 6 X 1 0 - 2 5 . 9 X 1 0 - 3 4 . 2  X 1 0 - 3 1 . 7  X 1 0 - 2
1 . 2 1 . 4 4 6 6 6 - 8 . 8 8 X 1 0 - 5 . 7 X 1 0 - 4 . 2  X 1 0 - 1 . 4 X 1 0 - 7 . 2 X 1 0 - 3 1 . 4 1 . 6 4 6 6 6 - 1 . 0 3 X 1 0 - 1 5 . 8 X 1 0 - 3 4 . 3  X 1 0 - 3 1 . 7 X 1 0 - 3 7 . 5  X 1 0 - 3
1 . 2 1 . 4 6 6 8 0 - 1 . 1 4 X 1 0 - 1 4 . 2  X 1 0 - 2 . 4 X 1 0 - 1 . 1 X 1 0 - 5 . 0  X 1 0 - 3 1 . 4 1 . 6 6 6 8 0 - 1 . 2 5 X 1 0 - 1 4 . 4  X 1 0 - 3 2 . 6 X 1 0 - 3 1 . 3 X 1 0 - 3 5 . 3 x  1 0 - 3
1 . 2 1 . 4 8 0 9 1 - 2 . 2 3 X 1 0 - 1 . 1 X 1 0 - 5 . 7 X 1 0 - 4 8 . 7 X 1 0 - 4 1 . 5  X 1 0 - 3 1 . 4 1 . 6 8 0 9 1 - 2 . 5 9 X 1 0 - 3 1 . 2  X 1 0 - 3 6 . 2  X 1 0 - 4 9 . 2  X 1 0 - 4 1 . 6  X 1 0 - 3
1 . 2 1 . 4 9 1 1 0 2 3 . 3 8 X 1 0 - 1 . 1 X 1 0 - 5 . 2 X 1 0 - 4 8 . 5  X 1 0 - 4 1 . 5  X 1 0 - 3 1 . 4 1 . 6 9 1 1 0 2 3 . 7 7 X 1 0 - 2 1 . 1 x  1 0 - 3 5 . 7 X 1 0 - 4 8 . 9  X 1 0 - 4 1 . 6  X 1 0 - 3
1 . 2 1 . 4 1 0 2 1 1 6 1 . 3 0 X 1 0 - 1 5 . 0 X 1 0 - 2 . 8 X 1 0 - 2 . 0 X 1 0 - 6 . 1 X 1 0 - 3 1 . 4 1 . 6 1 0 2 1 1 6 1 . 4 4 X 1 0 - 1 5 . 1  X 1 0 - 3 3 . 0  X 1 0 - 3 2 . 2  X 1 0 - 3 6 . 3 x  1 0 - 3
1 . 2 1 . 4 1 1 6 1 5 0 2 . 0 9 X 1 0 - 1 8 . 5  X 1 0 - 3 . 7 X 1 0 - 2 . 6 X 1 0 - 9 . 6 X 1 0 - 3 1 . 4 1 . 6 1 1 6 1 5 0 2 . 1 9 X 1 0 - 1 8 . 9  X 1 0 - 3 3 . 9  X 1 0 - 3 2 . 8 X 1 0 - 3 1 . 0 x  1 0 - 2
1 . 2 1 . 4 1 5 0 2 0 0 2 . 6 8 X 1 0 - 1 1 . 6 X 1 0 - 6 . 6 X 1 0 - 4 . 3 X 1 0 - 1 . 8 X 1 0 - 2 1 . 4 1 . 6 1 5 0 2 0 0 2 . 8 0 X 1 0 - 1 1 . 8 X 1 0 - 2 9 . 0  X 1 0 - 3 4 . 5  X 1 0 - 3 2 . 1  X 1 0 - 2
1 . 6 1 . 8 4 6 6 6 -  9 . 3 5 X 1 0 - 6 . 1  X 1 0 - 4 . 6 X 1 0 - 1 . 4 X 1 0 - 7 . 8 X 1 0 - 3 1 . 8 2 . 0 4 6 6 6 - 9 . 2 3 X 1 0 - 2 6 . 7  X 1 0 - 3 4 . 9  X 1 0 - 3 1 . 5  x 1 0 - 3 8 . 5  X 1 0 - 3
1 . 6 1 . 8 6 6 8 0 - 1 . 2 6 X 1 0 - 1 4 . 9 X 1 0 - 2 . 8 X 1 0 - 1 . 5 X 1 0 - 5 . 8 X 1 0 - 3 1 . 8 2 . 0 6 6 8 0 - 1 . 2 0 X 1 0 - 1 5 . 6 X 1 0 - 3 3 . 3  X 1 0 - 3 2 . 0 X 1 0 - 3 6 . 8  X 1 0 - 3
1 . 6 1 . 8 8 0 9 1 - 7 . 7 9 X 1 0 - 4 1 . 3 X 1 0 - 7 . 0 X 1 0 - 4 1 . 0 X 1 0 - 1 . 8 X 1 0 - 3 1 . 8 2 . 0 8 0 9 1 - 2 . 6 5 X 1 0 - 3 1 . 5  X 1 0 - 3 8 . 1  X 1 0 - 4 1 . 1 X 1 0 - 3 2 . 0 x  1 0 - 3
1 . 6 1 . 8 9 1 1 0 2 3 . 9 6 X 1 0 - 1 . 3 X 1 0 - 6 . 3 X 1 0 - 4 9 . 6 X 1 0 - 4 1 . 7  X 1 0 - 3 1 . 8 2 . 0 9 1 1 0 2 3 .  9 7 X 1 0 - 2 1 . 5  X 1 0 - 3 7 . 4  X 1 0 - 4 1 . 1 X 1 0 - 3 2 . 0 x  1 0 - 3
1 . 6 1 . 8 1 0 2 1 1 6 1 . 6 3 X 1 0 - 1 5 . 3 X 1 0 - 3 . 6 X 1 0 - 2 . 8 X 1 0 - 7 . 0 X 1 0 - 3 1 . 8 2 . 0 1 0 2 1 1 6 1 . 5 4 X 1 0 - 1 5 . 6 X 1 0 - 3 3 . 9  X 1 0 - 3 3 . 5  x 1 0 - 3 7 . 7  X 1 0 - 3
1 . 6 1 . 8 1 1 6 1 5 0 2 . 4 3 X 1 0 - 1 1 . 0 X 1 0 - 4 . 6 X 1 0 - 2 . 6 X 1 0 - 1 . 2  X 1 0 - 2 1 . 8 2 . 0 1 1 6 1 5 0 2 . 1 2 X 1 0 - 1 1 . 2  X 1 0 - 2 6 . 8  X 1 0 - 3 3 . 9  x 1 0 - 3 1 . 4 x  1 0 - 2
1 . 6 1 . 8 1 5 0 2 0 0 3 . 0 2 X 1 0 - 1 1 . 8 X 1 0 - 6 . 8 X 1 0 - 5 . 6 X 1 0 - 2 . 0  X 1 0 - 2 1 . 8 2 . 0 1 5 0 2 0 0 2 . 6 6 X 1 0 - 1 2 . 1  X 1 0 - 2 6 . 3  X 1 0 - 3 4 . 2  x 1 0 - 3 2 . 3 x  1 0 - 2
2 . 0 2 . 2 4 6 6 6 - 9 . 8 2 X 1 0 - 8 . 3 X 1 0 - 6 . 2  X 1 0 - 2 . 6 X 1 0 - 1 . 1 X 1 0 - 2 2 . 2 2 . 4 4 6 6 6 - 4 . 4 4 X 1 0 - 2 1 . 4 X 1 0 - 2 1 . 1 x  1 0 - 2 3 . 1  x 1 0 - 3 1 . 8  X 1 0 - 2
2 . 0 2 . 2 6 6 8 0 - 1 . 1 0 X 1 0 - 1 6 . 9 X 1 0 - 4 . 2  X 1 0 - 3 . 0 X 1 0 - 8 . 6 X 1 0 - 3 2 . 2 2 . 4 6 6 8 0 - 5 . 0 3 X 1 0 - 2 1 . 2  X 1 0 - 2 7 . 5  X 1 0 - 3 6 . 1  x 1 0 - 3 1 . 5  X 1 0 - 2
2 . 0 2 . 2 8 0 9 1 -  3 . 3 3 X 1 0 - 1 . 9 X 1 0 - 1 . 1 X 1 0 - 1 . 5 X 1 0 - 2 . 7 X 1 0 - 3 2 . 2 2 . 4 8 0 9 1 - 6 . 4 4 X 1 0 - 3 3 . 1  X 1 0 - 3 1 . 9 X 1 0 - 3 2 . 1  x 1 0 - 3 4 . 2  X 1 0 - 3
2 . 0 2 . 2 9 1 1 0 2 3 . 3 3 X 1 0 - 1 . 9 X 1 0 - 9 . 8 X 1 0 - 4 1 . 5 X 1 0 - 2 . 6 x  1 0 - 3 2 . 2 2 . 4 9 1 1 0 2 1 . 9 9 X 1 0 - 2 3 . 1  X 1 0 - 3 1 . 6 X 1 0 - 3 2 . 3 X 1 0 - 3 4 . 2  X 1 0 - 3
2 . 0 2 . 2 1 0 2 1 1 6 1 . 2 0 X 1 0 - 1 6 . 5  X 1 0 - 5 . 1 X 1 0 - 6 . 3 X 1 0 - 1 . 0 x  1 0 - 2 2 . 2 2 . 4 1 0 2 1 1 6 6 .  0 6 X 1 0 - 2 9 . 7  X 1 0 - 3 9 . 3  X 1 0 - 3 1 . 2  x 1 0 - 2 1 . 8  X 1 0 - 2
2 . 0 2 . 2 1 1 6 1 5 0 1 . 6 4 X 1 0 - 1 1 . 4 X 1 0 - 6 . 6 X 1 0 - 3 . 9 X 1 0 - 1 . 6  X 1 0 - 2 2 . 2 2 . 4 1 1 6 1 5 0 9 .  4 0 X 1 0 - 2 2 . 6 X 1 0 - 2 1 . 6 X 1 0 - 2 1 . 5  x 1 0 - 2 3 . 4 x  1 0 - 2
2 . 0 2 . 2 1 5 0 2 0 0 1 . 9 7 X 1 0 - 1 2 . 7 X 1 0 - 1 . 0 X 1 0 - 7 . 7 X 1 0 - 3 . 0 X 1 0 - 2 2 . 2 2 . 4 1 5 0 2 0 0 1 . 2 7 X 1 0 - 1 4 . 6  X 1 0 - 2 1 . 3 X 1 0 - 2 1 . 0 X 1 0 - 2 4 . 9 x  1 0 - 2
bee! m ee
[G eV ]





1 .2 , 1 .6 6 6 , 80 - 2 . 4 4  x  1 0 - 1 4 .4  x  1 0 - 2 5 .9  x  1 0 - 2 2 .5  x  1 0 - 2 7 .8  x  1 0 - 2
1 .2 , 1 .6 8 0 , 91 8 .5 7  x  1 0 - 3 6 .2  x  1 0 - 3 4 .6  x  1 0 - 3 3 .6  x  1 0 - 3 8 .5  x  1 0 - 3
1 .2 , 1 .6 91 1 0 2 7 .0 3  x  1 0 - 2 5 .7  x  1 0 - 3 4 .1  x  1 0 - 3 4 .9  x  1 0 - 3 8 .6  x  1 0 - 3
1 .2 , 1 .6 1 0 2 , 1 1 6 2 .7 8  x  1 0 - 1 2 .6  x  1 0 - 2 3 .4  x  1 0 - 2 2 .6  x  1 0 - 2 5 .0  x  1 0 - 2
1 .2 , 1 .6 116 , 1 5 0 4 .4 3  x  1 0 - 1 4 .2  x  1 0 - 2 6 .0  x  1 0 - 2 1 .1  x  1 0 - 1 1 .3  x  1 0 - 1
1 .6 , 2 .0 6 6 , 80 - 2 . 3 2  x  1 0 - 1 1 .7  x  1 0 - 2 1 .9  x  1 0 - 2 1 .1  x  1 0 - 2 2 .7  x  1 0 - 2
1 .6 , 2 .0 8 0 , 91 3 .0 8  x  1 0 - 3 3 .3  x  1 0 - 3 2 .3  x  1 0 - 3 2 .5  x  1 0 - 3 4 .7  x  1 0 - 3
1 .6 , 2 .0 9 1 , 1 0 2 7 .3 0  x  1 0 - 2 3 .2  x  1 0 - 3 2 .1  x  1 0 - 3 1 .8  x  1 0 - 3 4 .2  x  1 0 - 3
1 .6 , 2 .0 1 0 2 , 1 1 6 3 .0 9  x  1 0 - 1 1 .6  x  1 0 - 2 1 .6  x  1 0 - 2 1 .3  x  1 0 - 2 2 .6  x  1 0 - 2
1 .6 , 2 .0 116 , 1 5 0 4 .8 3  x  1 0 - 1 2 .6  x  1 0 - 2 3 .7  x  1 0 - 2 6 .5  x  1 0 - 2 7 .9  x  1 0 - 2
2 .0 , 2 .4 6 6 ,
O00 - 2 . 8 9  x  1 0 - 1 1 .2  x  1 0 - 2 1 .4  x  1 0 - 2 1 .3  x  1 0 - 2 2 .3  x  1 0 - 2
2 .0 , 2 .4 00 91 - 9 . 1 5  x  1 0 - 3 2 .8  x  1 0 - 3 2 .1  x  1 0 - 3 1 .7  x  1 0 - 3 3 .9  x  1 0 - 3
2 .0 , 2 .4 9 1 , 1 0 2 8 .4 3  x  1 0 - 2 2 .7  x  1 0 - 3 1 .9  x  1 0 - 3 2 .7  x  1 0 - 3 4 .3  x  1 0 - 3
2 .0 , 2 .4 1 0 2 , 1 1 6 3 .4 0  x  1 0 - 1 1 .3  x  1 0 - 2 1 .3  x  1 0 - 2 1 .6  x  1 0 - 2 2 .5  x  1 0 - 2
2 .0 , 2 .4 116 , 1 5 0 4 .9 3  x  1 0 - 1 2 .1  x  1 0 - 2 2 .7  x  1 0 - 2 6 .5  x  1 0 - 2 7 .3  x  1 0 - 2
2 .4 , 2 .8 6 6 , 80 - 3 . 2 6  x  1 0 - 1 1 .1  x  1 0 - 2 1 .1  x  1 0 - 2 1 .7  x  1 0 - 2 2 .3  x  1 0 - 2
2 .4 , 2 .8 8 0 , 91 - 4 . 6 8  x  1 0 - 3 2 .6  x  1 0 - 3 2 .2  x  1 0 - 3 2 .4  x  1 0 - 3 4 .2  x  1 0 - 3
2 .4 , 2 .8 9 1 , 1 0 2 1 .1 1  x  1 0 - 1 2 .6  x  1 0 - 3 2 .5  x  1 0 - 3 2 .1  x  1 0 - 3 4 .1  x  1 0 - 3
2 .4 , 2 .8 1 0 2 , 1 1 6 4 .2 9  x  1 0 - 1 1 .2  x  1 0 - 2 1 .3  x  1 0 - 2 1 .8  x  1 0 - 2 2 .6  x  1 0 - 2
2 .4 , 2 .8 116 , 1 5 0 5 .9 8  x  1 0 - 1 1 .8  x  1 0 - 2 2 .3  x  1 0 - 2 3 .3  x  1 0 - 2 4 .4  x  1 0 - 2
2 .8 , 3 .6 6 6 ,
o00 - 4 . 7 3  x  1 0 - 1 1 .1  x  1 0 - 2 1 .4  x  1 0 - 2 2 .7  x  1 0 - 2 3 .2  x  1 0 - 2
2 .8 , 3 .6 8 0 , 91 - 8 . 0 7  x  1 0 - 3 2 .8  x  1 0 - 3 2 .7  x  1 0 - 3 2 .3  x  1 0 - 3 4 .5  x  1 0 - 3
2 .8 , 3 .6 9 1 , 1 0 2 1 .5 5  x  1 0 - 1 2 .7  x  1 0 - 3 2 .7  x  1 0 - 3 5 .0  x  1 0 - 3 6 .2  x  1 0 - 3
2 .8 , 3 .6 1 0 2 , 1 1 6 5 .5 1  x  1 0 - 1 1 .1  x  1 0 - 2 1 .1  x  1 0 - 2 4 .5  x  1 0 - 2 4 .8  x  1 0 - 2
2 .8 , 3 .6 116 , 1 5 0 7 .1 5  x  1 0 - 1 1 .9  x  1 0 - 2 2 .3  x  1 0 - 2 4 .8  x  1 0 - 2 5 .7  x  1 0 - 2
T a b le  1 0 . T h e  asym m etry  A FB determ ined from  the high rapid ity  electron  channel trip le­
differential cross-section m easurem ent. T h e  m easurem ent is listed together w ith th e  sta tis tica l 
(A stat), uncorrelated  system atic  (A U St), correlated  system atic  (A^OfO, and to ta l (A total) uncer­
tain ties.














Open A ccess. T h is  a r t ic le  is d is tr ib u te d  u n d er th e  te rm s  o f  th e  C r e a tiv e  C o m m o n s
A ttr ib u t io n  L ic e n s e  ( C C - B Y  4 .0 ) , w h ich  p e rm its  an y  use, d is tr ib u tio n  an d  re p ro d u c tio n  in
a n y  m e d iu m , p ro v id ed  th e  o r ig in a l a u th o r ( s )  an d  so u rce  a re  c re d ite d .
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